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INTRODUCTION 


Silicoflagellates are a small, but very unique group of algae consisting 
of a total of 12 genera and about 50 species belonging to 2 families. Most 
of the species are extinct; there are only 5 species and their varieties, 
belonging to 3 genera and 1 family, living in present-day seas. Taxonomy 
of silicoflagellates is based largely on the more abundant fossil material. 
The limits and relationships of the different taxons can only be determined 
by a study of both living and extinct silicoflagellates. Therefore, the major 
works on silicoflagellates, such as that of Gemeinhardt (1930) published in 
Rabenhort's ''Kryptogamen-Flora,'' deal not only with living forms, but also 
with all the known fossil silicoflagellates. 

The monographs by Schulz (1928) and Gemeinhardt (1930) are somewhat 
outdated, while the work of Deflandre (1950) cannot be used as a key since it 
covers only a limited number of forms. Reviews of silicoflagellates have 
not been published in the USSR; indeed, on the whole, there are very few 
special works on the group. The use of lists and other data from publica- 
tions is often difficult since diagnoses of some species and even genera 
differ from one author to another. Moreover, only a few taxons have been 
described in the Russian language. Because of this, the present review is 
based not only on a critical comparison of publications, but also largely on 
our own studies. Microscopic examinations were made of about 550 
specimens from the Upper Cretaceous and Quaternary rocks of the 
Leningrad Region, Belorussia, the Ukraine, the Middle Volga area, 
Northern Caucasus, the eastern slope of the Urals, the West Siberian 
plain, the Turgai Gate, the northern Aral area, Kamchatka, Sakhalin and 
the Kuriles. In order to clarify the distribution of various forms specimens 
were examined from Denmark, Hungary, New Zealand, as well as samples 
of living marine plankton. Part of the material was obtained during field 
work carried out in 1956 — 1957 inseveral areas of the Sverdlovsk Region (as 
part of the northern group of the West Siberian Expedition of VSEGEI). The 
descriptions of core samples and selection of material were made after 
consultation with the geologist V.S. Pevzner. In addition, I analyzed 
specimens collected by F. A. Alyavdin, A.G. Ber, V.A.Grossgeim, A.P. 
Zhuze, M.N.Klyushnikov, O.S.Korotkevich, P. F. Li, R. Kh. Lipman, 

B. M. Mikhailov, D. V. Osadchei, T.I. Osyko, V.S.Pevzner, L.S. Teplova, 
I. A. Khokhlova, V.I. Yarkin, M. V. Yartseva and others, as wellasa 
collection of Far-Eastern Neogene specimens sent to me by V.S. 
Sheshukova-Poretskaya. I wish to express my sincere gratitude to all 
these persons. Finally, I also analyzed preparations from the dried 
collections of the MGU, from P. T. Cleve, I. D. Moller and H. Baecker, 
from the teaching collection of the Department of Lower Plants at LGU, 
and from the collection of the Paleobotanical Laboratory of VSEGEI. 


In most cases, the material examined is associated with specific 
geological sections. The text includes descriptions of only those outcrops 
and deep wells in which silicoflagellates were found. These descriptions 
(abridged) are based on material from geologists to whom the respective 
collections belong. 

The established complexes of silicoflagellates were dated mainly by 
use of both stratigraphical and paleontological data. Accordingly, the 
chapter on ''Distribution of Ancient Silicoflagellates on the Territory of 
the USSR" covers major publications on the stratigraphy of the given areas. 
In all the samples from the eastern slope of the Urals and the West 
Siberian plain, as well as in some samples from other areas (except the 
Far East), diatoms were determined to verify dating of the complexes. 
With respect to this, it was necessary to include pertinent Russian and 
foreign literature on fossil diatoms. 

The technical analysis of specimens was carried out as described in 
the work on diatom analysis (Krishtofovich, Vol. 1, 1949). After boiling 
the rock in a 5% alkali solution, small mineral particles are removed 
by decanting a 12-cm column of water from the beaker every 1.5 hours. 
This operation is repeated until the liquid is completely clear. Silico- 
flagellate skeletons are removed from the precipitate by the addition of 
heavy liquids (PD-2, PD-3, and PD-6) whose specific weight is 
2.63—2.65. For slide preparations, a special balsam with refraction 
coefficient of 1.67 was used. 

The silicoflagellates were examined with an oil immersion objective 
at a magnification of about 1,000. Forms were counted with an oil 
immersion objective (60 X) at a magnification of 450, andin several cases with 
an oil immersion objective (90 X) at a magnification of up to 1,000. 

Numbers were estimated visually according to a 6-point scale described 
in the first volume of ''Diatom Analysis" (Krishtofovich, 1949). The 
following arbitrary quantitative grading of silicoflagellates is used in 
this work: 


.— very rare (1—5 specimens per preparation); 

— rare (10—15); 

frequent (25— 30); 

— common (1 specimen in each row of the slide); 

— abundant (several specimens in each row of the slide under oil 
immersion objective); 

very abundant (several specimens per field at the same magnification). 
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The chapter on "History of Studies of Silicoflagellates" deals briefly 
with the main trends in the study of this algal group. The chapter "General 
Characteristics of Silicoflagellates" is based largely on published data. 

The chapter "Introduction to the Systematics of Silicoflagellates" analyzes 
the position of silicoflagellates and discusses various taxonomic principles. 
Under "Distribution of Ancient Silicoflagellates on the Territory of the 
USSR," there is a brief outline of the stratigraphic position and age of the 
rocks examined within each area with descriptions of the sections, the 
major diatom complexes used for dating the different deposits, and 
comprehensive lists of the silicoflagellates encountered. 


7 In the chapter ''Evolution of Silicoflagellate Flora,'' the material is 
reviewed according to geological periods; a review of the literature on the 
respective floras and my own pertinent observations are included in this 
chapter. The main features of the complexes of silicoflagellates of the 
different areas as a function of time are discussed here. The chapter 
"Phylogeny of Silicoflagellates'' is based on material given in the two 
preceding chapters and contains a critical evaluation of publications. 

In the systematic part, each form is accompanied by its synonymy, 
original description, paleontological or taxonomical features, as well as 
past and present distribution. 

For determination of the silicoflagellate species keys are given in the 
systematic part. 

The magnification of the original drawings given in Plates I— XXX is 
800 times. 

After the manuscript was completed, some new publications in the field 
came to my attention (Stradner, 1961; Bachman and Ichikawa, W9/62% 
Bachmann, Papp and Stradner, 1963; Tsumura, 1963; Jerkovié, 1965). 
These works could not be included in the systematic part, but the new 
material enabled me to determine the stratigraphic position and age of 
some of the complexes whose properties were previously unknown. For 
example, the complex provisionally dated as Early Oligocene and placed 
inthe Kharkov (?) suite, which is widespread on the territory of the Ukrainian 
SSR, turned out to be part of the upper zone of the Kiev suite since it dates 
from the end of the Late Eocene. The complexes established for the 
Chegan suite on the eastern slope of the Urals and in the West Siberian 
plain and dated in the Late Eocene— Early Oligocene (?) and Early 
Oligocene (?) are actually associated with the upper part of the Irbit suite 
and the upper part of the upper Lyulimvor* subsuite, respectively; these 
suites date from the first half of the Late Eocene, and the silicoflagellate 
complex associated here with the Early Oligocene (?) apparently belongs 
to the very end of the first half of the Late Eocene. All these data could 
not be incorporated into the text. 

I wish to express my deep gratitude to V.S. Poretskaya, Senior Assistant 
in the Department of Lower Plants at LGU for permission to use their 
collections and valuable special literature, as well as for advice and 
constant interest in my work. I am also indebted to Professor I. A. Kiselev 
for his valuable advice. 

Finally, sincere thanks are due to Professor I. M. Pokrovskaya, head 
of the Palynological Laboratory at VSEGEI, where the work was carried 
out, for constant support and assistance. 


* [Also given in some references and in the original text as Lyulinvor. ] 


ABBREVIATIONS OF NAMES OF REGIONS OF THE 
"FLORA OF THE USSR" USED IN DESIGNATING 
THE DISTRIBUTION OF SPECIES 


European [western] part of the USSR 


Lad.-fl. — Ladoga-Ilmen area 
Up.Dn. — upper Dniester area 
Caucasus 
N.Cau. — Northern Caucasus 


Western Siberia (W. Sib.) 


E. Ural — eastern slope of the Urals 


Far East (F. E.) 


Kam. — Kamchatka 
Sakh. — Sakhalin 
N. Sakh. — northern Sakhalin 
S.Sakh. — southern Sakhalin 


Central Asia (C. Asia) 


Aral-Casp. — Aral-Caspian area 
N. Aral — northern Aral area 


TRANSLATION EDITOR'S NOTE 


Stratigraphic terminology in the Soviet Union differs somewhat from 
the accepted international terminology. 

In order to avoid any possible confusion the original Russian strati- 
graphic terminology has been retained in this translation. Thus, "tsvita" 
is rendered suite (and not formation), 'formatsiya' is given as formation, 
etc. For a discussion of the significance of these terms and the generally 
accepted equivalents the reader is referred to ''Report of the Twenty-First 
Session of the International Geological Congress. Part XXV: Stratigraphic 
Classification and Terminology," Det Berlingske Bogtrykheri, Copenhagen. 
1961. 
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I. GENERAL PART 
1, HISTORY OF STUDIES OF SILICOFLAGELLATES 


The term Silicoflagellatae was introduced by Borgert in 1891, although 
these organisms were known much earlier. The first report concerning 
the group was made by Ehrenberg to the Berlin Academy of Sciences in 
1838. 

In a study of the microscopic structure of ''cretaceous rocks" in Sicily 
Ehrenberg found numerous skeletons of a peculiar nature, which he named 
as anew genus Dictyocha inthe class Polygastrica (Ehrenberg, 1839). 

Ehrenberg also found the first living forms of the group in the plankton 
of Kiel Bay. He described tens of species of silicoflagellates after 
examining numerous specimens of rocks from Africa, Italy, Greece, 
India, North America, as well as plankton and bottom samples from the 
North Sea, the Baltic, the Mediterranean, Black Sea, Caspian Sea, Sea 
of Japan, China Sea, the Sea of Okhotsk, and the Atlantic Ocean (Ehrenberg, 
1839, 1841, 1844b, 1854, 1873). Most of these species have no more than 
historical significance today. 

During the first half of the 20th century, research on silicoflagellates 
was mainly taxonomical. Because of the rather limited distribution of these 
organisms in present-day seas, attention was focused on fossil materials 
which provide an abundant variety of forms. Thus, Lemmermann (1901b) 
based his classification on a study of a large amount of living and fossil 
silicoflagellates. The review by Schulz (1928) and the monograph by 
Gemeinhardt (1930) contain descriptions of many silicoflagellate forms 
together with data on their distribution in present-day seas and in Cretaceous 
to Quaternary deposits in Europe, Asia, Africa, North America and New 
Zealand. The new classification of silicoflagellates by Frenguelli (1940) 
is based entirely on fossil material. In addition to taxonomical works, 

a number of morphological and biological studies of the group have 
appeared (Gemeinhardt, 1930, 193la,b, 1934; Hovasse, 1932; Marshall, 
1934; Frenguelli, 1935, 1938a,b; etc.). 

Research on morphology and biology of some silicoflagellates led to 
changes in the classification of these organisms. Ina study of the morpho- 
logy and nutrition of a living species of the genus Hermesinum of the 
order Stereotestales established by Lemmermann (1901a,b), Hovasse 
(1932) demonstrated the absence of chromatophores and the presence of 
two flagella. On these grounds, Deflandre (1951) placed the order 
Stereotestales in a separate group Ebriideae. According to Deflandre, 
these primitive heterotrophic flagellates are much closer to radiolarians 
than to siliceous flagellate algae for which he reserved the name 
silicoflagellates. 
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Deflandre made major contributions to our knowledge on silicoflagellates. 
His works (see bibliographical list) deal with various aspects of the 
morphology, taxonomy, geography, ecology, evolution and phylogeny of 
the group. With the development of micropaleontology research on 
silicoflagellates received a new impetus. 

The well-known micropaleontologist Hanna (1928a) wrote that silico- 
flagellates are excellent indicators of the age of marine sedimentary rocks, 
since most species of the group occupy a brief span of geological time and 
possess a wide geographical distribution. However, the use of silico- 
flagellates as a stratigraphic tool is only a recent development. The 
article by Colom (1952) contains a list of the silicoflagellates found in the 
Aquitanian- Burdigalian deposits of Spain and represents an attempt ata 
reconstitution of the paleogeographic conditions of that time on the basis 
of the ecology of the group. Desikachary and Maheshwari (1956) studied 
the fossil silicoflagellates of India. Ichikawa (1950, 1956) described 
silicoflagellates from various strata of the Neogene of Japan. Tynan (1957) 
published a detailed analysis of the remains of the silicoflagellate flora of 
the Calvert formation (Middle Miocene) in the state of Maryland. Mandra is 
working on the silicoflagellates of the Cretaceous, Paleogene and Neogene 
of California. In a number of brief communications, Mandra (1951, 1954) 
confirmed Hanna's view of the great value of silicoflagellates to strati- 
graphy. Ina report of his research in fossil silicoflagellates, Mandra 
(1960) established the silicoflagellate complexes characteristic to the 
Maestrichtian stage, the Late Eocene, Miocene, and Miocene- Pliocene 
using statistical analysis. He also determined the similarities and 
differences between these complexes, indicating that silicoflagellates can 
be used for stratigraphic differentiation and correlation of deposits. In 
his handbook of stratigraphy, Papp (1959) noted that silicoflagellates can 
be used quite reliably for distinction between Paleogene and Neogene 
deposits. 

Stradner (1961) reported on the Oligocene silicoflagellates of Austria. 
Other publications deal with the Tertiary silicoflagellates of the Vienna 
basin (Bachmann, Papp and Stradner, 1963). Bachmann and Ichikawa 
(1962) described the silicoflagellates of the Neogene of Japan. Tsumura 
(1963) studied the classification of the group, but made no mention of the 
geological distribution and evolution of the forms described. 

Only a few special works on silicoflagellates have been published in the 
USSR. Zhuze (1949a, 1951, 1955) has described several silicoflagellate 
species from the Upper Cretaceous and the Paleogene of the eastern slope 
of the Urals, and the West Siberian plain. Ina rather long article, 
Proshkina- Lavrenko (1959) dealt with the morphology, geography and 
ecology of silicoflagellates and made an interesting comparative charac- 
terization of the Recent and Neogene silicoflagellate floras of the Black 
Sea basin. In a number of articles, Glezer (1959, 1960, 1962) reported on 
the study of fossil silicoflagellates in the Paleobotanical Laboratory of 
VSEGEI. The first of these articles contains a detailed description of the 
family Vallacertaceae Defl., characteristic of the Cretaceous, from 
materials from the eastern slope of the Urals. The second article deals 
with the evolution of silicoflagellates in the Paleogene of the eastern slope 
of the Urals and the West Siberian plain, while the third article discusses 
the evolution and phylogeny of the group. 
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Information on silicoflagellates can be found in many publications on the 
phytoplankton of present-day seas (Palibin, 1903—1906; Usachev, 1927, 
1935, 1946, 194 7ayb, 1949; 196 1>. Kigeley,.1925, 1928, 4031.) 1935a: 
1937, 1939, 1953, 1957, 1959a,b; Morozova-Vodyanitskaya, 1940, 1948, 
1954; Gail, 1950; Kuz'mina, 1959, 1962a,b; Semina, 1959, 1960; 
Korotkevich, 1960), as well as in articles dealing with fossil diatoms 
(Gaponov, 1914, 1915; Sheshukova-Poretskaya, 1955, 1959, 1961; 
Cheremisinova, 1957, 1959; Galerkina, 1959; Strel'nikova, 1960; Krotov, 
Shibkova, 1961; etc.). 

Bibliographies on silicoflagellates can be found in the works of Schulz 
(1928), Gemeinhardt (1930), Deflandre (1950), Hanna (1957), and 
Proshkina- Lavrenko (1959). 


2. GENERAL CHARACTERISTICS OF 
SILICOFLAGELLATES 


MORPHOLOGY 


Although the cytoplasmic structure of silicoflagellates has hardly been 
studied, the morphology of the skeleton is known in detail. As a rule, the 
silicoflagellate skeleton consists of hollow, tubular siliceous rods. Some 
authors (Deflandre, 1950) assume that the skeleton is filled with seawater, 
while others (Lemmermann, 1901b) believe it contains air which reduces 
the specific weight of the cell and represents a major adaptation for rising 
in the water column. The outer surface of the skeleton is marked with fine 
spines, tubercles and ribs. Their arrangement and size vary according to 
species and also according to the age of the cell; in young cells these 
elements are much less developed than in older ones (Figure 1, 1) 
(Deflandre, 1940c). The ornamentation of the skeleton surface has been 
studied very little. 

In most species the skeleton appears as a subpyramid (Figure 1, 2), 
the base of which consists of a basal ring composed of basal rods. The 
basal ring varies with the species; it may be rounded, oval or polygonal. 
From the poles or corners of the basal ring arise outgrowths — radial 
horns (or spines) (Figure 1, 2—9, rh), which may be inconspicuous or 
very coarse and long. 

According to Lemmermann (1901b), the length of the radial horns 
depends on the temperature conditions: organisms living in cold waters 
develop much longer radial horns than those found in warm waters. 

Schulz (1928) associates the length of the radial horns with the salinity 

of the water: the lower the salinity, the longer the horns. Hovasse (1932) 
believes that the development of the radial horns depends somehow on the 
physicochemical conditions of the fixation of silicon. Gemeinhardt (1934) 
has found a close relationship between the length of the radial horns and 
the density and illumination of the water. In high latitudes, long radial 
horns are developed in spite of the high density of the water since normal 
photosynthesis requires that the cells rise up to the upper, better 
illuminated layer of water. 


13 


FIGURE 1. Nomenclature of the silicoflagellate skeleton: 


1 —reticulate surface of silicoflagellate skeleton (detail) (Deflandre, 1950); 2 — 
Dictyocha fibula Ehr. var. fibula f. fibula (lateral view); 3 — D.tria- 
cantha var. apiculata Lemm. f. apiculata (apical view); 4—D. fibula 
var. aculeata Lemm. (apical view); 5—D.deflandrei var. bicornuta 
Gleser (ventral view); 6—Naviculopsis biapiculata var. constricta 
(Schulz) Gleser (apical view); 7—Distephanus speculum (Ehr.) Hack. var. 
speculum (apical view); 8 —D. s. var. cannopiloides (Pr.-Lavr.) Gleser(apical 
view); 9—Cannopilus hemisphaericus (Ehr.) Hack. (apical view); 10— 
Dictyocha fibula Ehr. (Marshall, 1934) (cell). 

br —basal rod; bw —basal window; rh —radial horn; lr — lateral rod; ar — apical rod; 
ap — apical plate; ak — apical ring; aw — apical window; ss — supporting spine; as — 
accessory spine; ec —extraskeletal cytoplasm; c —chromatophores; p — pseudopods; 
f — flagellum. 


The top of the pyramid is referred to as the apical apparatus. In the 
simplest case, this consists of a tubular apical rod (or trabecula) 
(Figure 1, 4 ar) or a markedly flattened apical plate (Figure 1, 5,6, ap). 
A more complex apical apparatus is composed of several apical rods 
which form an apical ring (Figure 1, 7, ak) with a single apical window 
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(Figure 1, 7, aw). A more complicated structure of the apical apparatus 
involves the development of numerous apical rods enclosing many apical 
windows (Figure 1, 8,9). The apical apparatus is linked with the basal 
ring by means of lateral rods (Figure 1, 2—5,7, 8,1r) which divide the 
basal ring into several basal windows (Figure 1, 2—8,bw). The basal 
rods bear supporting spines (Figure 1, 2—5,8,ss), directed obliquely 
downward. The position and size of these spines differ among species. 
The supporting spines are usually attached directly below the lateral rods 
in ancient forms and reach a relatively larger size than in the more recent 
species. These spines support the cytoplasm from below. The apical 
apparatus is often equipped with accessory spines (Figure 1, 4,7, as). 

The silicoflagellate skeleton shows a remarkable degree of variation. 
Deflandre (1950) tried to classify the different types of skeletal variation. 
He distinguishes among 3 groups: 1) mutants — symmetrical forms which 
differ considerably from the original type (Deflandre,l.c., Figure 197); 

2) premutants — assymetrical forms intermediate between the respective 
type species and the mutant (Deflandre, l.c., Figure 196); 3) anomalies — 
clearly teratological forms (Deflandre, l.c., Figure 216). Different 
skeletal elements, such as radial horns, supporting and accessory spines, 
apical apparatus and even the basal rods, may be completely absent. The 
basal ring and apical apparatus vary in structure independently. Among the 
most stable signs are the form and size of the basal ring. The number of 
basal rods varies widely due to splitting of the basal ring at the corners 
where new rods are formed (Deflandre, 1950, Figures 98—106). Various 
forms of apical apparatus in silicoflagellates have been described in detail 
by Hovasse (1932) and Frenguelli (1935). Often these authors give clearly 
teratological signs as evidence for far-reaching conclusions about the 
classification of silicoflagellates, especially in relating some species of 
Distephanus Stohr to the genus Dictyocha Ehr. An essential short- 
coming of studies of variation of living silicoflagellates is the lack of 
experimental evidence for the views expressed. 

The modern concepts of the structure of the cytoplasm of silicoflagellates 
are based on observations of Borgert (1891) and Gemeinhardt (1930) on 
Distephanus speculum (Ehr.) Hack., the work of Hovasse (1932) on 
Dictyocha fibula Ehr. and Distephanus octonarius (Ehr.) 
Defl., and Marshall (1934) on Dictyocha fibula Ehr. and Diste- 
phanus speculum (Ehr.) Hack. 

The cytoplasm occupies the space enclosed by the basal ring, the apical 
apparatus and the supporting spines. Externally the skeleton is lined with 
a layer of cytoplasm (Figure 1, 10,ec). The extraskeletal cytoplasm of 
Dictyocha fibula Ehr. is more developed than that of Distephanus 
speculum (Ehr.) Hack. (Marshall, 1934). Hovasse (1932) was unable to 
detect any such cytoplasm in Distephanus octonarius (Ehr.) 
Defl.; Deflandre (1950) states that this species has an extremely thin 
layer of extraskeletal cytoplasm. There is no differentiation of the 
cellular membrane. The form of the cell depends entirely on the skeleton. 
The nucleus is situated in the center of the cell; by suitable staining, a 
central caryosome, peripheral chromatin and a nuclear membrane can be 
detected. Small, yellowish brown or greenish brown chromatophores are 
scattered in the cytoplasm (Figure 1, 10,c). The chromatophores of 
Distephanus speculum (Ehr.) Hack. sometimes merge into a rosette 
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at the base of the radial horns (Marshall, 1934). The cytoplasm contains 
numerous inclusions in the form of small, highly refractile droplets, 
1—3y in diameter, which do not stain with iodine or osmic acid and may 
be assumed to contain the storage substance leucosin. 

The flagellum, located near one of the radial horns (Figure 1, 10, f), 
propels the cell by a rotatory movement. At the ends of all or 1—2 of the 
radial horns, the cytoplasm sometimes forms thin, filiform motile pseudo- 
pods (Figure 1, 10,p) reaching a length of 50yu. Hovasse (1932), who has 
observed the pseudopods of cells during reproduction, assumes that these 
structures participate in secretion of the skeleton. Deflandre (1950) re- 
gards the pseudopods as an adaptation for vertical movement in the water. 


REPRODUCTION 


Silicoflagellates reproduce by simple division. Prior to division, a 
daughter skeleton develops close to the maternal one. After a study of 
cell division in Distephanus speculum (Ehr.) Hack., Gemeinhardt 
(1930) concluded that the formation of the daughter skeleton is initiated at 
the apical ring and ends at the basal ring. Hovasse (1932) maintains that 
all the elements of the daughter skeleton of Distephanus speculum 
(Ehr.) Hack. and Dictyocha fibula Ehr. develop simultaneously. 

The formation of the daughter skeleton of Distephanus octonarius 
(Ehr.) Defl. proceeds in 2 phases. First formed is the basal ring, which 
is a mirror image of the basal ring of the maternal cell; at the ends of 
the ring the radial horns appear and reach the length of the maternal 
counterparts before thickening. The formation of the daughter skeleton 
often ends ai this stage, with the formation of a Mesocena-like skeleton. 
Normally, however, the apical apparatus appears after formation of the 
basal ring and radial horns. The lateral rods appear first, and then the 
apical rods and sometimes the accessory spines. The development of the 
daughter skeleton is concluded with the formation of the supporting spines, 
after which the developed daughter cell separates from the maternal cell, 
although the two skeletons sometimes remain firmly bound. 

Such double skeletons have been described in many species, such as 
Distephanus speculum (Ehr.) Hack. (Gemeinhardt, 1930); 
Dictyocha navicula var. biapiculata Lemm. (= Naviculopsis 
biapiculata (Lemm.) Freng.), D. triacantha var..inermis Lemm. 
and some other species (Schulz, 1928) and D.fibula Ehr. Hovasse (1932). 
Borgert (1891) and Schulz (1928) regard this phenomenon as copulation, 
while Gemeinhardt (1930) considers it support for the view that the 
silicoflagellate skeleton consists of two halves. 

Hovasse (1937) obtained several triple skeletons in the Bosphorus, one 
of which was not developed and consisted of the basal ring only. 


ECOLOGY 


Very little is known on the ecology of silicoflagellates. This lack of 
knowledge may be due to the negligible role of silicoflagellates in the 
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present-day seas. Indeed, only two silicoflagellate genera — Dictyocha 
Ehr. and Distephanus Stohr — have been obtained with certainty 

from these seas. Even under the most favorable conditions, silico- 
flagellates account for no more than 0.155% of the number of planktonic 
organisms in Kiel Bay (Brandt, 1898). In Oslo Fjord, Gran (1915) obtained 
up to 50,400 organisms of Distephanus speculum (Ehr.) Hack. per 
liter water. The density of the same species in the Black Sea was found to 
vary from 176 to 2,888 cells per liter (Morozova- Vodyanitskaya, 1954). 

Silicoflagellates are typical inhabitants of the marine and oceanic 
plankton, and are encountered in all the oceans and seas of the globe, but 
are not known from inland salt waters; in the Caspian Sea, they probably 
represent Tertiary relicts. Thus, the adaptability of silicoflagellates to 
such factors as temperature and salinity of seawater is relatively great. 
The quantitative development of silicoflagellates depends primarily on 
temperature and salinity conditions. Thus, Distephanus speculum 
(Ehr.) Hack. is rare in the eastern part of the Baltic Sea where salinity is 
lower than 10% (Schulz, 1928), whereas considerable numbers of this 
silicoflagellate are found at salinities over 20% (Gemeinhardt, 1934). 

The optical salinity for these organisms is 30—40% (Gemeinhardt, 1930). 
Hovasse (1932) found that silicoflagellates can withstand a lowering of 
salinity to 18%. Distephanus speculum (Ehr.) Hack. lives in the 
open waters of the Black Sea at a salinity of about 18%, while Dictyocha 
fibula Ehr. occurs in the strongly freshened northwestern part of the 
same basin (Proshkina-Lavrenko, 1959). 

The optimal temperature for Distephanus speculum (Ehr.) Hack. 
is close to 0°C (Gemeinhardt, 1931la), while that of Dictyocha fibula 
Ehr. ranges from 18 to 20°C (Gemeinhardt, 1934). 

Mass development of Dictyocha fibula Ehr. has been found in 
equatorial waters (Stiiwe, 1909), but smaller amounts of this species are 
encountered at lower temperatures. Thus, Vanhdffen (1897) obtained 
isolated specimens of D.fibula Ehr. from the coastal waters of Greenland, 
while Gemeinhardt (1934) encountered the same species in fjords along the 
west coast of Norway at temperatures lower than 10°C and in the southern 
Atlantic at temperatures below 4°C. In collections by Loman in Weddell Sea 
at 70— 72° S at a temperature of 1—1.87°C, 98% of the silicoflagellates were 
Distephanus speculum (Ehr.) Hack., whereas Dictyocha fibula 
Ehr. accounted for only 2% and was absent from some samples. The South 
Polar Expedition did not encounter D.fibula Ehr. at temperatures lower 
than 16.5°C (Gemeinhardt, 1931la). Hovasse (1932) states that the lowest 
temperature at which D.fibula Ehr. can be found in the Bosphorus is 
14°C. Semina (1960) is inclined to regard D.fibula Ehr. as a boreal 
species. Another warmwater species is Distephanus octonarius 
(Ehr.) Defl., whose thermal optimum does not differ from that of Dictyo- 
cha fibula Ehr. (Hovasse, 1932; Deflandre, 1950). Gemeinhardt (1934) 
regards Distephanus crux (Ehr.) Hack. as intermediate between the 
warmwater species Dictyocha fibula Ehr. and the cold-water species 
Distephanus speculum (Ehr.) Hack. 

Like all phototrophic organisms, silicoflagellates require a certain level 
of illumination for normal development. In high latitudes where the light 
intensity is low, maximal numbers of these organisms are found near the 
surface. Gran (1927) found the main mass of the silicoflagellate population 
of the coastal waters of Norway in the water layer between the surface and 
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1-m depth, although an appreciable number of specimens were found to a 
depth of 50 m. In the equatorial zone of the southern Atlantic, Dictyocha 
fibula Ehr. (which forms nearly all of the silicoflagellate flora there) 
occurs mainly at a depth of 15—70 m (Stiiwe, 1909). In the Black Sea, the 
silicoflagellate population is twice as dense at a depth of 50 —100 m than 

at 0—50 m (Morozova-Vodyanitskaya, 1954). 

Little is known about the seasonal development of silicoflagellates. In 
the Baltic Sea,the Atlantic and the coastal waters of Norway the peak of 
Distephanus speculum (Ehr.) Hack. appears together with prolifera- 
tion of dinoflagellates in the fall; during the rest of the year the silico- 
flagellates are very rare (Gemeinhardt, 1930). In the Norwegian fjords, 
Dictyocha fibula Ehr. occurs during the summer (Jérgensen, 1905). 


3. INTRODUCTION TO THE SYSTEMATICS 
OF SILICOFLAGELLATES 


POSITION OF SILICOFLAGELLATES AMONG THE ALGAE 


It is generally agreed today that silicoflagellates are algae. This was 
finally proven by Borgert in 1891, more than 50 years after the discovery 
of the group by Ehrenberg (1839). 

Ehrenberg described a vast number of species for which he established 
the genera Dictyocha Ehr. and Mesocena Ehr., which he placed 
together with diatoms ina class of infusorians — Polygastrica Ehr. 

Kiitzing (1849, 1865) considered the genera Mesocena Ehr. and 
Dictyocha Ehr. to be diatoms, but placed them in a separate family 
Actinisceae Ktz. (Order Appendiculatae Ktz., Tribe Diatomeae areolatae 
Ktz.) because of their peculiar morphology. 

While Ehrenberg and Kutzing considered the species Mesocena Ehr. 
and DictyochaEhr. independent organisms, such prominent German 
zoologists as Miller (1855), Hackel (1862, 1887) and Hertwig (1879) 
interpreted the silicoflagellate skeletons as parts of the skeletons of 
large radiolarians. This viewpoint is best reflected in Hackel's major 
monograph on radiolarians (Hackel, 1887). Hackel placed the 4 silico- 
flagellate genera known at the time (Dictyocha Ehr., Mesocena Ehr., 
Distephanus Stohr, Cannopilus Hack.) in the subfamily Dictyochida 
Hack. (family Cannorhaphida Hack., order Phaeocystina Hack., legion 
Phaeodaria Hack. or Cannopylea Hack., subclass Ocylosa Hack., class 
Radiolaria). 

Even after Borgert's publications appeared, some authors (Cocco, 
1904— 1905; Martin, 1904) continued to agree with Hackel. After a thorough 
study of the morphology of living cells of Distephanus speculum 
(Ehr.) Hack., Borgert (1891) proved their affiliations to algae and placed 
them in a separate group which he named Silicoflagellatae. 

Although the classification and taxonomic ranks assigned to silico- 
flegellates differ among authors, it is widely held that these forms belong 
to the Chrysophyceae. Lemmermann (190la, b), Schulz (1928) and 
Gemeinhardt (1930) place silicoflagellates in the family Chrysomonadinen 
of the type Flagellatae; Fritsch (1948) in class Chrysophyceae of the type 


Algae; Kursanov (1953) in the class Chrysomonadinae of the type Flagellatae 
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under the name of the order Silicoflagellatae; Krishtofovich (1957) regards 
Silicoflagellatae as a subclass of the division Chrysophyta; Fott (1959) 
considers the suborder Silicoflagellineae of the order Chrysomonadales 

of the class Chrysophyceae of the type Chrysophyta; finally, Némec (1959) 
places the suborder Silicoflagellinae in the order Chrysomonadales of the 
division Monadophyta. 

Deflandre (1950) has a somewhat different view of the systematic position 
of silicoflagellates. He believes that the peculiar structure of the silico- 
flagellate cell warrants the establishment of a separate class belonging to 
the flagellates; at the same time, he relates the silicoflagellates to the 
chrysomonads and coccolithophorids. These concepts have been adopted in 
various books on zoology (Grassé, 1952), paleontology (Piveteau, 1952; 
Moret, 1958) and paleozoology (Muller, 1958). 

It is difficult to find any particular relationships between silicoflagellates 
and any other algal group. No other alga known to science has a siliceous 
endoskeleton such as the silicoflagellate. Indeed, silicoflagellates area 
unique taxonomic entity deserving the rank of class. The presence of a 
single flagellum, brownish yellow chromatophores and reserve food 
substances of the leucosin type all suggest a phylogenetic link with the 
Chrysophyta. 


PRINCIPLES OF CLASSIFICATION OF 
SILICOF LAGELLATES 


The classification of silicoflagellates is based entirely on the structure 
of the skeleton. 

The taxonomic value attached to various morphological signs has varied 
in the course of time, which has led to corresponding alterations in the 
volume of the species and genera. 

Ehrenberg placed all the forms with a simple, ring-shaped skeleton in 
the genus Mesocena Ehr., and reserved the genus Dictyocha Ehr. 
for those with a skeleton shaped like a reticulate star. The smallest 
deviations in skeletal structure, even in an individual specimen, prompted 
Ehrenberg to establish new species. 

Hackel (1887) divided the genus Dictyocha Ehr. on the basis of the 
structure of the apical apparatus into Dictyocha Ehr. proper, 
Distephanus Stohr and Cannopilus Hack. Hackel's definition of 
the silicoflagellate genera was fully accepted by Lemmermann (1901b, 
1903, 1908), Schulz (1928), Gemeinhardt (1930) and others. 

Lemmermann (1901b) published a revision of all the silicoflagellate 
species described by Ehrenberg. This revision was based mainly on the 
number of sides of the basal ring (the genera Dictyocha Ehr. and 
Distephanus Stohr) and the number of apical windows (Cannopilus 
Hack.). The size of the basal ring, the presence or absence of radial horns, 
and sometimes the number of sides of the basal ring served as bases of 
differentiating yroups below species rank for Lemmermann. The same 
morphological features play a guiding role in monographs by Schulz (1928) 
and Gemeinhardt (1930). 

Quite different systematic principles serve as the bases for the classi- 
fications of Frenguelli (1940) and Deflandre (1950), who believe that the 
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structure of the apical apparatus is too variable and unstable to be used 
as a taxonomic guide, especially on the generic level. The genera 
established by these authors are based less on the general form of the 
skeleton than on the position of the supporting spines (the genera Dictyo- 
cha Ehr. and Corbisema Hanna), the direction of the radial horns (the 
genus Cannopilus Hack.), the trend to a reduction of the apical apparatus 
(the genus Paradictyocha Freng.), the flattening of the basal rods (the 
genus Naviculops Freng.), etc. In the description of the species, 
Frenguelli attributes considerable importance to the size of the skeleton. 
Thus, the only difference between Dictyocha fibula Ehr. (Frenguelli, 
1940, Figure 1,f) and Distephanus speculum Enhr. (Figure 1, a—e) 
consists of the greater skeletal dimensions of the former, while morpho- 
logical differences between the two species are not considered at all. 
Stressing the great variation among silicoflagellates, Frenguelli and 
Deflandre point out that externally similar forms — Mesocena-like, 
Distephanus-like, Cannopilus-like, etc. — may occur in a large 
number of species, even of different genera. Such forms are merely an 
expression of the variation of the species and should not be treated as 
separate taxons. For this reason, Frenguelli and Deflandre attacha 
considerable importance to the locality and phylogenetic links of the 
described forms, and morphological differences are often relegated toa 
secondary place. Thus, Deflandre (1950, Figure 190) places in Dictyocha 
frenguelli Defl. the triangular forms with accessory spines found in 
the Eocene of the Volga area, while describing closely similar forms 
from the Oligocene — Miocene of Barbados Island (Deflandre, 1950, Figure 
178) as a new species, Corbisema spinosa Defl. After the discovery 
of an intermediate form between Dictyocha navicula Ehr. and 
D. triacantha var. inermis Lemm., Deflandre united the two under 
the name of Corbisema apiculata var. inermis Lemm. (Deflandre, 
1950, Figures 86—88). Deflandre (1950, Figures 241—243) classifies as 
Naviculopsis navicula (Ehr.) Defl. skeletons (analogousto Dictyocha 
navicula Ehr.) from the Miocene of Greece. Using the phylogenetical 
approach, Deflandre (1950, p. 67, Figures 194 —202) united a number of 
forms in Dictyocha ausonia Defl., which had earlier been placed in 
different species and even genera. Frenguelli and Deflandre can be 
credited with attempting to introduce the phylogenetical method in the 
classification of silicoflagellates, although the lack of clear-cut morpho- 
logical differences between the taxons and the frequent use of a single 
trait as a crucial sign detract from the practical value of their systems. 
My own classification of silicoflagellates is based essentially ona 
combination of morphological signs. Wherever possible, in addition to 
morphological aspects, phylogenetical and geochronological criteria are 
considered. Thus, in the discussion as to whether the genus Distephanus 
Stohr should be retained as a separate taxon or united with the genus 


. Dictyocha Ehr., as suggested by Frenguelli (1940) and Deflandre (1950), 


the following facts were taken into account: 1) the genus Distephanus 
Stohr appears in the Eocene, while species of the genus Dictyocha Ehr. 
are known since the Cretaceous; 2) the Eocene representatives of the two 
genera show marked morphological differences from one another and no 
transitional forms have been found; 3) the reduction of the apical ring in 
some species of Distephanus St6hr is confined to Neogene and Recent 
forms and is usually accompanied by a mass proliferation together with a 
considerable variation in the skeleton. 
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In other words, the similarity between the apical apparatus of some 
Distephanus Stohr skeletons and the simple apical rod characterizing 
the genus Dictyocha Enhr. is in my view a secondary phenomenon and 
does not justify a union of the two genera. 

In establishing the new species Dictyocha lamellifera Gleser, 

I took into account the general configuration of the skeleton, some details 
in the structure of the basal rods and the fact that these forms are 
associated mainly with Early Eocene deposits of the Volga area, the eastern 
slope of the Urals and Denmark. Schulz (1928) and Gemeinhardt (1930) 
placed this form in D. triacantha Ehr. because of the number of sides 
of the basal ring. Entirely on the basis of the details of the structure of 
the basal rods, Frenguelli (1940) regards the skeletons of this species as 
a triangular form of Naviculopsis biapiculata (Lemm.) Freng. 

I believe that only a comprehensive approach based on a number of 
morphological signs and geological data can prove the independence of 
Dictyocha lamellifera Gleser. Indeed, by considering a number 

of signs instead of any single feature one sees clearly that this species 
differs sharply from both D.triacantha Ehr. and Naviculopsis 
biapiculata (Lemm.) Freng., although it shows similarities to each 

of them. A study of the evaluation of Dictyocha lamellifera Gleser 
shows that this silicoflagellate occasionally occurred together with the 
above two forms, but flourished during a quite different time. 

The combined use of the morphological and evolutionary methods in the 
classification of silicoflagellates allows not only a comparison of forms 
from remote areas, but also an analysis of the evolution of the whole group. 


CLASSIFICATION OF SILICOFLAGELLATES 


The first classification of silicoflagellates was proposed by Lemmermann 
(190la, b). It consisted of two orders, Siphonotestales and Stereo- 
testales.* Siphonotestales included a single family Dictyochaceae with 
4 genera — Mesocena Ehr., Dictyocha Ehr., Distephanus Stohr 
and Cannopilus Hack. Later Schulz (1928) placed in Dictyochaceae the 
genus Cornua Schulz, for which Gemeinhardt (1930) created the new 
family Cornuceae. 

The classification by Lemmermann, adopted and developed by Schulz 
and Gemeinhardt, reflects the progressive complication of the silico- 
flagellate skeleton from the simple basal ring of the genus Mesocena 
Ehr. to the intricate skeleton of the genus Cannopilus Hack. However, 
it does not take into account the actual evolution of the whole group, since 
it begins with the secondarily simplified genus Mesocena Ehr. The 
family Cornuceae, consisting of the genus Cornua Schulz, occupies an 
isolated position in this system. 

The classification by Frenguelli (1940) contains a single family 
Dictyochaceae with 7 genera — Mesocena Ehr. emend. Defl., Para- 
dictyocha Freng., Dictyocha Ehr., Cannopilus Hack., 
Corbisema Hanna emend. Freng., Naviculopsis Freng. and 
Clathrium Freng. The arrangement of the genera in this classification 


* The order Stereotestales, later separated into the simpler group Ebriidea, is not discussed here. 
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is formal, and as in the previous classification does not reflect the 
evolutionary process. 

By contrast, the classification proposed by Deflandre (1950, 1952a, b) 
reflects his views on the evolution of silicoflagellates. Deflandre published 
two classifications — one for living and another for fossil forms. The 
living group consists of only 3 species, all of the genus Dictyocha Ehr. 
The fossil system is more complex. Dictyochidae, the most primitive 
family according to this classification, consists of 8 genera: Corbisema 
Hannaemend. Freng., Dictyocha Ehr., Paradictyocha Freng., 
Mesocena Ehr. emend. Defl., Naviculopsis Freng., Cannopilus 
Hack., Phyllodictyocha Defl. and Nothyocha Defl. Deflandre 
established the more advanced family Vallacertidae with 3 genera 
Vallacerta Hanna, Cornua Schulz and Lyramula Hanna. In 
addition, Deflandre placed the genera Clathropyxidella Defl., 
Clathrium Freng. and Pseudorocella Defl. ina group of uncertain 
taxonomic position. 

In a totally new classification, Tsumura (1963) established the new 
orders Cladotestales and Eutestales. In the former order Tsumura placed 
two families: Cornuacea Gem. with the single genus Cornua Schulz, and 
Lyramulaceae Tsumura with the single genus Lyramula Hanna. The 
order Eutestales consists of a single family Dictyochaceae Lemm. with 
the following 4 genera: Mesocena Ehr., Dictyocha Ehr., Diste- 
phanus Stohr and Cannopilus Hack. Tsumura abolished the genera 
Vallacerta Hannaand Naviculopsis Freng. by placing their 
species in Dictyocha Ehr., as did the taxonomists at the beginning of 
the 20th century when there were no data on the evolution of silicoflagel- 
lates. 

The classification proposed here is based on the following principles. 

1. Living and extinct forms are classified collectively, since the 
systematics should reflect as fully as possible the phylogenetic links 
between the living species and their fossil ancestors. 

2. Not only morphological traits, but also evolutionary and phylogenetic 
links of the orders, families and genera have been considered in the 
arrangement of these categories. 

My classification is as follows: 


Type Chrysophyta 
Class Silicoflagellatophyceae Borgert 
Order Vallacertales Gleser 
Family Vallacertaceae Defl. 
Genus Vallacerta Hanna 
Order Siphonotestales Lemm. 
Family Cornuaceae Gem. 
Genus Lyramula Hanna 
Genus Cornua Schulz 
Family Dictyochaceae Lemm. 
Genus Dictyocha Ehr. 
Genus Corbisema Hanna 
Genus Naviculopsis Freng. 
Genus Distephanus Stohr 
Genus Paradictyocha Freng. 
Genus Cannopilus Hack. 
Genus Mesocena Ehr. 
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In my view, the family Cornuaceae Gem. shouldinclude not only Cornua 
Schulz, but also the related genus Lyramula Hanna. 

The genus Vallacerta Hanna is so different morphologically from 
the remaining members of Class Silicoflagellatophyceae that it should be 
placed separately in the family Vallacertaceae Defl., which is attributed 
to the separate order Vallacertales Gleser. 

The two other families — Cornuaceae Gem. and Dictyochaceae Defl. — 
are characterized by a tubular skeleton and belong to the order Siphono- 
testales Lemm. 


4, DISTRIBUTION OF ANCIENT SILICOFLAGELLATES 
ON THE TERRITORY OF THE USSR 


Siliceous deposits of ancient seas are widespread on the territory of 
the USSR, and these contain numerous skeletons of silicoflagellates which 
lived in these seas. By examining materials from different parts of the 
USSR it was possible to determine the silicotlagellate flora of the marine 
plankton of the Quaternary (Mga) age in the northwestern part of the USSR, 
the marine Paleogene basin in the southwestern part of the European USSR, 
the Miocene sea of the Northern Caucasus, the eastern Ural Sea of the Upper 
Cretaceous, various parts of the Paleogene seas on the territory of the 
West Siberian plain and the Turgai Gates, and different localities in the 
Far Eastern Neogene Sea. To demonstrate the contemporaneity of the 
ancient floras, stratigraphic data and results of the diatom analysis of 
the corresponding deposits have been used. The material is arranged 
mainly according to geographical areas from north to south and west 
to east. 


EUROPEAN [WESTERN] PART OF THE USSR 


Northwestern sector of the European part 
of the USSR 


Leningrad Region 
A sample of Mga clays from a depth of 13.0 —13.5 m in well 700 near 


Otradnoe station (from the collection of N. A. Rzhonsnitskaya) was examined. 
The characteristic complex of diatoms as determined by I. A. Kuptsova 


(Hyalodiscus scoticus (Ktz.) Grun. —5, Thalassiosira 
gravida Cl. (spores) —6, Th. excentrica (Ehr.) cl. —4, Chaeto- 
ceros sp.sp. (spores) —4, Coscinodiscus perforatus Ehr. — 4, 


Actinoptychus undulatus (Bail.) Ralfs—4, Rhabdonema 
arcuatum (Lyngb.)—5, Grammatophora oceanica (Ehr.) 
Grun. —6, Thalassionema nitzschioides Grun. 6) corresponds 
to the second phase of the Mga interglacial sea, that is, at the peak of 
its transgression (Cheremisinova, 1959). 

The silicoflagellates encountered are Dictyocha fibula Ehr. var. 
fibula f. fibula and Distephanus speculum (Ehr.) Hack. var. 
speculum. Both forms are noted as abundant in occurrence. 
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Southwestern sector of the European part 
of the USSR 


The presence of silicoflagellates was tested in samples from the Kiev 
and Kharkov suites of some areas of the USSR. 

Calcareous facies predominate among the rocks of the Kiev suite, 
although in marginal parts of the Dnepropetrovsk-Donets depression the 
Kiev suite consists of sandy facies. In the upper part of the suite (Bug 
horizon) the clay is slightly carbonate or noncarbonate. The Kiev suite 
is now dated inthe Late Eocene according to molluskan fauna (Klyushnikov, 
1960). 

Klyushnikov (1958) divides the deposits of the Kharkov suite in two 
horizons. In the lower, the Ingulets horizon, he places glauconitic and 
siliceous sands, glauconitic sandstones, greenish gray noncarbonate clays, 
gaizes, tripolis and diatomites; the upper horizon consists of glauconitic 
sands interstratified with sandstones and clays. Klyushnikov (1960) writes 
that the deposits of the Kharkov ''stage'' of the Ukraine are poorly defined 
from a paleontological viewpoint. All the organic remains are associated 
with the Ingulets horizon. Only the mollusks have been studied, while 
fossil groups such as radiolarians, bryozoans and sponges have not been 
described at all. The stratigraphic position of the layers containing fossil 
diatoms is obscure. Local and Early Oligocene species predominate in 
the molluskan complex, although there are many forms which also occur 
in the Late Eocene Kiev ''stage.'' Because of this, Klyushnikov places the 
Ingulets horizon rocks in the Early Oligocene. 

On the basis of new data, Klyushnikov recently concluded that the rocks 
containing remains of diatoms and other siliceous organisms overlie 
calcareous marls and clays of the Dnieper substage and are covered on the 
marginal parts of the Dnieper-Donets depression by eroded silty sands and 
siliceous concretionary sandstones of the Ingulets horizon. The latter is 
the lower component of the Kharkov stage, and its rocks contain remains 
of the fauna of the Early — Middle Oligocene. Therefore, the layers with 
remains of siliceous organisms must belong to the very upper part of the 
Kiev stage — the Bug substage, and therefore the Late Eocene. 

Zhuze (1949b) and Uspenskaya (1950) place the diatoms of the Kharkov 
stage in the Early Oligocene. Zhuze (1949b) holds this view because of the 
marked similarity between the diatom flora of the Kharkov stage and the 
Early Oligocene flora of Oamaru, New Zealand. Recently, however, some 
authors date the Oamaru diatoms in the Late Eocene (Kanaya, 1957) or Late 
Eocene — Early Oligocene (Fleming, 1959). Kaptarenko-Chernousova (1960) 
places the diatom flora, described by Zhuze (1949b) as part of the Kharkov 
stage, in the Middle— Late Oligocene. 

Analysis of species composition of the diatom complex of the Kharkov 
stage indicates that most of the species are also known from the marine 
clays of the upper part of the Tas- Aran suite in the Late Eocene of the 
basin of the Irgiz River. Owing to this, it is not possible now to speak of 
the undoubted Oligocene age of a number of diatoms. 

We examined several specimens from the Kiev and Kharkov suites of 
the Dnepropetrovsk and Sumy regions (from the collection of M. V. 
Yartseva), from the Kharkov suite of Krasnyi Oskol in the Oskol River 
basin (from the collection of E. A. Cheremisinova), and from the village of 
Boromlya of the Sumy Region (from the teaching collection of the 
Department of Lower Plants at LGU). 
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Silicoflagellate skeletons were found in the Kharkov suite on the left 
bank of the Dnieper near Dnepropetrovsk (north of Nizhne-Dneprovskii 
Uzel station), in the village of Krasnyi Oskol, in the Sumy Region 
(Boromlya village), and in the Kharkov and Kiev suites of the villages 
of Staroverovka and Melovoe. 


Dnepropetrovsk Region 


Numerous and varied silicoflagellate skeletons were found in the gray- 
green clays of the Kharkov (?) suite in a well drilled on the slope of a 
crystalline massif on the left bank of the Dnieper, 6 km north of Dnepro- 
petrovsk. 


Well 12, north of Nizhne-Dneprovskii 
Uzel station (from the collection 
of M. V. Yartseva) 


Quaternary eolian deposits 


To adepthof 18.25 m. Fine gray and yellowish gray, argillaceous sands. 


Kharkov suite (?) — Pg? (?) 


18.25—32.0 m Greenish gray fine argillaceous sands with glauconite. 
32.0 —39.60m Greenish gray sandy clay containing glauconite, diatom 
frustules, sponge spicules and radiolarians. 


Kiev suite (?) — Pgs! (?) 


39.60—40.25m Argillaceous sand with glauconite and small foraminifers. 

40.25—40.50m Limestone with nummulites. 

40.50—49.60m Gravelly, carbonate sand with mollusk shells and small 
foraminifers. 


Buchak suite (?)—Pg?" (?) 


From49.60m _ Sandy clay overlying argillaceous and carbonaceous sands 
with interlayers of brown coal. 


Yartseva found frustules of the diatoms Aulacodiscus excavatus 
A.S. and Arachnodiscus ex gr.indicus Ehr. in rocks of the 
Kharkov (?) suite at a depth of 32.0—39.60 m (Nesterenko, 1960). 
According to V. S. Sheshukova-Poretskaya (Yartseva, 1960), these layers 
contain valves of marine, mostly planktonic Eocene and Early Oligocene 
species of the Kharkov "'stage.'' Yartseva assumes that the relatively 
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small amount of Early Oligocene species indicates that the respective 
layers belong to the very lowest horizons of the Early Oligocene. 

In underlying deposits at a depth of 39.60—49.60 m, Yartseva defined 
a variety of foraminifers, most of them characteristic of the Late Eocene 
(Nesterenko, 1960). Yartseva (1960) places the fine-sand carbonate clays 
of Nizhne-Dneprovskii Uzel station in the upper half of the Late Eocene 
because forms found there (Nummulites orbignyi (Galeotti), N. 
prestwichianus R. Jones, N. prestwichianus var. granulata 
(de la Harpe)) are known only from such layers (Wemmel sands) of the 
Belgian basin. 

V.S. Sheshukova-Poretskaya and I examined two samples from the 
sandy clays of the Kharkov (?) suite from depths of 32.0 —35.7 and 
35.7—39.2 m (sample 12). This material was prepared only from the 
coarse fraction washed for examination of the microfauna, since no rock 
was at our disposal. The results will therefore be examined for both 
samples together, especially since they also contain very similar algae. 

We found that the diatom flora of the Kharkov (?) suite of the Dnepro- 
petrovsk area is very similar systematically to the complex encountered 
in the same suite in the Ukraine, Voronezh and Kursk regions. A charac- 
teristic feature of the Dnepropetrovsk flora is its greater variety of species, 
among which are several forms of the order Pennales and a number of other 
species apparently not occurring in other areas. The age of the flora is 
difficult to determine. It differs considerably from the well-known Late 
Eocene floras of Western Siberia and California, but a more or less 
undisputed Early Oligocene diatom flora is not known at present. Some 
authors stress the close similarity between the flora they studied and the 
marine Paleocene clay complex of the Tas- Aran series of the Middle — Late 
Eocene of the right bank of the Uzen-Kairakty (a right tributary of the 
Irgiz) as well as with the flora of Oamaru, New Zealand. The Oamaru flora 
has recently been placed in the Late Eocene (Kanaya, 1957) or Late 
Eocene — Early Oligocene (Fleming, 1959). 

There are altogether 10 species, varieties and forms of silicoflagellates. 
As can be seen in Table 1, only Dictyocha hexacantha Schulz and 
D. fibula Ehr. var. fibula f. fibula show frequent (3) and rare (2) 
occurrence; the remaining forms are very rare. Among the latter we 
found a new species — Mesocena muticata Gleser. 

An analogous but poorer complex of algae was encountered in well 4741, 
58.0 m deep, situated 30 km northeast of well 12 (Table 1). The five 
species, varieties and forms of silicoflagellates were very rare; among 
them was Mesocena muticata Gleser. 


Oskol River basin 


From this basin one preparation, no. 903 from the village of Krasnyi 
Oskol southeast of Izyum (from the collection of E. A. Cheremisinova), was 
examined. 

E. A. Cheremisinova (1956) encountered in the Oskol basin a number of 
species which characterize the upper (third) horizon of the Kharkov stage: 
Coscinodiscus obscurus <A.5.,.C.perforatus, Ehr:, C.258ee 
Ehr., Melosira architecturalis Brun, M. clavigera Grun., 


22 


(26) 


al an) 


uoll 

-eny[eAa 
9ATIEI 

-tluenb 


(aoytuysndT “N ‘W Jo uoTIdaT[09 


“DIDp 
-unjoL ‘I@A 9snor DJDpuNzoOL “CG 
‘rasep (‘[Jeq) vsouids *q 
‘ZINYIG DvYyJUDIDTaY *G 

“emul 
sj, (‘[Jead) v7vU019nwW2q vYyI0h}21q 


‘rasa (zjnyoS) wow 
-1ul "IBA DyD]nNI1dv1q sisdoj,nI1av Ay 
“WW snuospzuad ‘1eA wnjnIads *q 
‘INdd “TRA 
‘poeH «(aqq) «@ns9 snupydajsiq 
‘Jese]y) (19u 
-peiys) vsonxaz{ ‘eA DYyJUDIDIA. *G 
‘Iesey (“[Jaq) vsourds -q 
‘ZINYIS + DvyzJUDIDray DYI0h}21q 


‘rasety) (zjnqos) s0w 
Ww “IVA 1yD)NIIdD1q sisdojno1av 
“mule snuosvzuad "eA wnjnoads *q 


"ENdI “TEA 
‘yoke (a) «rn412 snuvydajsiq 
"19S 


-8[) (agupesys) vsonraz{ “IVA "7 *G 
“pyjuvavi4, *y 
DYIUDIVIA, “AVA “AY VYJUDIDIAT “| 
“sasa[ (‘[Jad) vsourds «gq 
‘ng *j 
pyngif “weA “AY 27PNQI{ DvYI0AI21q7 


satoads 


SAIPTTIBeRTJOONIS 


« 


(2) aua908 110 
Ayreq 


(¢) aua908110 
Aqreq 


PIOTJ 
woe Ip 
jo asy 


LOSANN 


O91 N 1919 


LD 19 191 


uot] 
-enyeAa 
dATP 
-Tluenb 


‘asnor snupiaoysvyo sixfhdounydajg 
‘asnof szwuofiazid viisopodop nas q 
"4S Jo ‘AN Sisuanupwpvo * py 

‘S ‘y visno{ ‘pw 

“UNIG, $2701N}92}2YIID D.1180]2 Jy 


‘Ss 'Y smipawsaqur snyohjdowj9p 
‘SG "YW sningsqo snasipoui9s0 9 
‘asnor snupjaoysnys sixidouvyda,¢ 
‘asnor puzjnvfiy vaisopog 

‘S “y visnv{ v11s0ja jy 


‘S “W snunasqo snosipourss0) 
‘asnor murvhy viisopog 

‘UNI DIDjJNUALI “IRA DzIVIINS *[W 
"WS 99 “AD sisuanupwpo * py 

‘S “VY visnvf vdaisojap 


soatoads 


soxo[duiod WoleIp oTsTIAIOPIeYD 


Bd ‘a8eIS AQTH 


23d ‘a8 BIS ASTD 


rid 
‘a8eis AOYIEYM 


ase 
pue aims 


eh 
(ai 
auoisi{Is VW 
| 
‘ou 
ABojouay ahs 


aYy1 WO) UOTBay AoYIeYH ‘eYAoIaAOIEIS Jo a8vTTIA ay WoY satdwes jo uoTIeUTWeXS oIdoosoIOTLU jo synsay *% ATAVL 


23 


(27) 


“1eseTy) (z[nyos) 


VA 4oujw “JeA v7D]NI2dn1q sisdo}NI10D KV 
‘ZN19 “IBA 
J PEH (qua) gnio snunydeys? c ‘S “YW snunosqo snasipou19so9 
5 qeseTt) (zeupesys) U4 ‘asnof vurvAiy viisopod 
i usonzaj{ IBA wd psa id ‘a 9 “UNH DoILagIs “IRA *S “J 
4 be ta nk S ‘UNI, DID]NUaLI “IBA DJVIINS * 
: G ‘S ‘VW Disno{ “WwW 
J IeA esnof DDpUunNj}OL py20fj21q z G “UNIg sIvAnjoanyouD v41S8012y é Cy 
‘1asey (z[NYIS) «0U 
V6 we “IeA DyD)NI1dD1q sisdojnz1av Vy 
"2nsa 
Z “rea “HOV ("IGq) Tns9 snuvydajsiq 
“1ase[y 
© GOREGS sor tatapuvmniy. 9 fe hase rete ent 
J pyjuvovi4, “IRA “IY pyjuvov14} ey z ‘asnor symsofraqrd pipsopodopnetd 
é Baga Fe a a gene ay Mesttonapane “ae 
“z1nU9d } y° ‘ : 1 ; 
: faut DI1qQuioy gn (¢) auas08110 y ‘g “y visnvf “pW 
J pynqy{ “rea ‘IyM 2pPNQIf vYyI0/j21q Ayieq G ‘uNJG $27D41N}9a72YILD 418019 Jy 23d ‘8 e1S ADI] val 
“1aseyy) (zjMyIS) «s0U 
€ -w “IeA 072D)nI1dD1q sisdoj,NI1av KV 
“WULd'T 
i! snuospjuad = "ieA 8 wnpnoads “J ied 
*ONIS SUBA G ‘u l i 
“yor “ay znig snuvydajsi c “Iyq wnsournshoijod snjnvrway 
‘ eee "198919 igo (2) eu2008110 y “Aolt) snpipuazds snasipos0d 
I -peiqs) vsonzrajf{ “lea DYyIUDIVIA? “Gq Ajieq G "S “YW Snungsqo snasipoulIsog 3d ‘a8eis AdIy aUuolsi{Is ey 


uon uola 
-eny[eAa -entead 
satoads RIOTS satoads 
aAT1e1 aATIeI ase ‘ou 
woe Ip AB0jouINT 
-tquenb -tuenb pure ois j atduies 
jo any : 


SA1PT[IBR[JOOTIS SdxaTdwiod WOIeIp d1IsTIBIOvIeYD 


(ponunuod) zg aTaVL 


24 


“UIT 


25 


(28) 


U snuosvjuad “ieh wnpnoads ‘Gq 
endo 0K y "AOI, WNZD]IdvIQns WNI4019914 J 
€ ‘yorHY 6(‘aqq) «rns9 = snunydajsiq “SyTeY 
*“19S98]5 € (‘[teg) snyojnpun snyshjdourjapy 
J (reupeiyg) vsonrazf{ “IeA “7 “GQ e ‘AQIQ snpipuajds snosipo.og 
“DYyqUDIDIA. “J c ‘S$ "YW sningsqo snasipouiss0 7 
I DYIUDIDIA, “ICA “AY VYJUDIDIAZ “CQ Z ‘asnofr siwuofiazid viisopodopnasq 
€ “IasaT (“[Jod) vsourds -g € ‘asnor vui72viy vsisopog 
} *IOSO[N) DJIGS “IRA “4 “GT Z 4S 10 “AD Sisuanipwpo - py 
i ‘DIDPUNJOL “IVA VSNOL DIDPUNIOL * ic 'S ‘VW DIsnv{ - pw 
| ‘Z[nYIS vYyzUvIvTayY DYI0h}21q ig ‘UNIG S17D1N]9071YI1D D4LIS0] ay rom 
} “1aSI[ DIVIINW DUAII0Sa W G ‘unig, snydisowfjod +7 
“Iasa[y (zjnYyoS) «0U G Yq wnsouryshoaijod snynniwayy 
Z -1u “IBA DyDj]nNIIdv1q sisdojnj1an Ny y “AOI, asuappqing wniqD19914 J 
‘ZN4I “IBA “syyey 
4 ‘yoeH (ay) «=6tns2 §=snuvydajsiq Yy (leg) snyojynpun snyahydourjsp 
"IaseTH (I8U 9 ‘S "VY snanasqo snasipou19s07 
i! -peiyS) vsonxa7f{ ‘rea vyjuvIDIU. *G Z ‘asnor siwuofiazid viisopodopnasg 
Z “asa (‘[Joqd) vsourds -q Z ‘4S 49 ‘ID sisuanupwpo * py 
| ‘DIDPUNJOL “IBA QSNOL DJVPUNIOL “CT (2) auas08110 c ‘S ‘Vy visnv{ “py 
J ‘ZINYIS vyzuvovray DvyI0hj21q Ayaeq G “UNIG S1vInzoajYIID viysojay | 28.4 ‘a8ers AaTy LY 
G ‘unin snydsowfjod - 7 
y “Iyq wns0ouiyshshjod snjnpiwayy 
‘zjnqoS 10u c 'S "YW Sninosqo snasipourss0 7 
i -1u *JeA 07D}nNI1dD1q sisdojna1anDN Z ‘asnor siwiofiaqid viisopodopnasg 
*1ase *[Joq) vsourds * “4S Jo “ID Sisuanupuvo ° 
4 *19S9TD ria ae DIDpUnNIoOL bs (2) eu2008110 g Ne ‘y vysnof on 
if "Z[NYOS vYyJuvIvxLaYy DYI0/I21q Ayreq ¢ ‘uUNIg sDInganYyoD viysojayy | 24 ‘adeis ATy auoIsIfIs 9} 
voll uot) 
enpeAa aibakk ican -en[eAd sbrowis 
DATIEI seen JATIEI ase Rictoann ‘ou 
-tuenb 5 a8y -Tluenb pure o1mns Tom atdwies 
SO1P[] 23 P[JOOTITS SoXaTdWOd WOIeIp OTIsTIBIOvIEYD 


(panunuod) Z ATG VL 


*Z[NYIS sisuansvwWvo DUaI0Sa jy 
‘rasapy (zjnyos) 10u 

€ 1 “ied vypj)nIIdv2q sisdo)NIAv0 KV 

“WUT 


J snuospjuad = "‘ieA = =60ownjpnoads “q “SI[PM 
“2nd? “ABA ie (jeg) snjyvjnpun — snysfijdourj py 
Z ‘yor, «(ayq) rns2 = snuvydajsiq G "Ss ‘YW sninosqo snasipoujIs0) 
i! “WWdT DIDIsDY “IRA “7 “CJ Z ‘gsnor snupiaoysvyo sixidouvyda)y 
‘reso]y (19u fe ‘asnop s7ywuofiajid viisopodop nas q 
} -peiqs) vsonraj{ eA vYIUDIDIA, * ¢ "gsnof purypvly vsisopod 
Z ‘Iasap ([Joq) vsourds -q « Zz "4S Je ‘I ee ee ‘W « « 0Z 
J “pJVpUNjJOL “IEA ASNOL VJVPUNIOL *(] v7 ‘S ‘y Dysnvf “pW 
J “Z[nYOS vyyuvovxray vyYI0/}021”7 G “UNIG S27DANjIANYIUD D1IS0]a 
‘og yo ‘dutay, s2pr9v43 vpixrhg 
‘unin, snydiowfhjod "yy 
“fasopH (zpNYosS) “IG wnsourshohjod snpnvjywayy 
a LoulW ‘IBA DIv)NIIdDIq sisdo]NIIAV AY “ADIN, = wnyoyidvsqns wniyv1aI14 J 
7 ‘unue’'] snuospjuad “red wnjnoads * | 4 yteul 
: "EN1I “1A ‘jreq) snjojnpun  snyahjdourjay 
Z ‘yoeH, (Cay) «@nsa snuvydajsiq. "S "YW snanosqo snasipou19so) 
“Lase] (10u ‘gsnor spwuofiazid viisopodopnasq 
Z -peays) vsonzrayf ‘Ava DYy;UvIDIAT °C] (2) au2908110 ‘gsnor vunvhy vaisopog 
y rosoqy) (‘[Joq]) vsouids *q Ayieq “a Jo “Jh) Bea ‘W 
J "1OSOPH DjIaS “ABA VIVPUNIOL *(T "S ‘Ww Dysnof “pw 
i “Z[NYOS vYyyUvavray DYyI0/}21(7 ‘uNIg, spvanjoajyo4D d4rsojayy | kg ‘a8eis Aaty « 61 
“Tose[y (zpNyoS) «wou (¢) eus208110 ‘unig snydiowfjod *]y 
Z ul “IRA DIDjNIIdDIq_ s1sdo]NIIAV NV Ayieg “IY wnsourshoijod snjnvrway t3d ‘ad eis AT auoisi{IS SI 


uonl uoll 
-enpead -en[eAa 
q satoads RIOT] ‘ satoods 
aati aATIe1 ase ‘ou 
wo1e Ip ASojoyw’ 
-Tuenb -tuenb pue 91Ins atdwies 
jo a8y 


soxotdwoos woielp ostiaiorieyD 


S91P] [98 eTJOOTTS 


(panutuos) zg AaTaV.L 


(29) 


26 


30 


Pseudopodosira pileiformis Jousé, Stephanopyxis 
charkovianus Jousé, etc. 

The silicoflagellates were not numerous, and only 5 forms were 
identified: Dictyocha fibusa Ehr. var. fibula f. fibula (very 
rare), Dictyocha spinosa (Def.) Gleser (rare), D. triacantha var. 
flexuosa (Stradner) Gleser (very rare), Naviculopsis biapiculata 
var. minor (Schulz) Gleser (very rare), Distephanus crux (Ehr.) 
Hack. var. crux. (very rare). 


Kharkov Region 


Outcrop near the village of Staroverovka 
(from the collection of M.N.Klyushnikov) 


Nine samples were examined from a stratum of tripolite rocks which 
Klyushnikov places in the Kiev stage. This layer forms a conspicuous 
erosional contact with overlying glauconitic sands of the Kharkov stage 
from which one sample was examined (Table 2). 

The characteristic diatom complexes are similar in all samples; the 
differences observed concern mainly the degree of occurrence of some 
species. The complex consists of most of the species cited in the literature 
as guide forms of the Kharkov stage of the Early Oligocene of many parts 
of the Ukrainian SSR and the Voronezh and Kursk regions (Melosira 
arehitecturalis Brun; M:. fausta A.S:, MioamarwensiseGraset 
St., Podosira hyalina Jousé, Pseudopodosira pileiformis 
Jousé, Stephanopyxis charkovianus Jousé, Actinoptychus 
intermedius A.S., etc.). Most of the species also occur in well 12 of 
Dnepropetrovsk. An interesting feature of the Staroverovka complex is the 
abundance of frustules of Coscinodiscus and the presence of fairly 
large amounts of valves of Porodiscus splendidus Grev., Tri- 
ceratium barbadense Grev. and some others. 

Fifteen species, varieties and forms of silicoflagellates were determined. 
Only skeletons of Dictyocha spinosa (Defl.) are numerous; Navi- 
culopsis biapiculata var. minor (Schulz) Gleser and Distepha- 
nus crux (Ehr.) var. crux are frequent. Of considerable interest is 
the presence of Dictyocha bimucronata (Defl.) Tsumura, hitherto 
known only from the Late Eocene — Early Miocene deposits of Barbados 
Island (Lesser Antilles). 


Outcrep ttt; southwesfern outskirts’ of the 
Melovoe village (from the collection 
of M. N. Kiyushnikov) 


One sample of siltstones from the Kiev suite was examined. 

The diatom complex of Melovoe village closely resembles that of 
Staroverovka, and differs only in the amounts of some species. Only 
one silicoflagellate form was identified — Naviculopsis biapiculata 
var. minor (Schulz) Gleser. 
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Sumy Region 
Section near Boromlya village 


In the third horizon of the Kharkov stage, only isolated skeletons of 
Distephanus crux (Ehr.) Hack. var. crux were found. 


The Middle Volga area 


The Paleogene silicoflagellates of the Volga area were examined in 
isolated samples from the lower Syzran' suite and Kamyshin horizon of 
the Penza and Ulyanovsk regions. 

The Middle Volga area is rich in Paleocene rocks which occupy a vast 
tectonic depression — the Ulyanovsk-Saratov syneclise. 

At the base of the Paleocene deposits, the Maastricht sediments are 
covered by a conglomeratic sandstone. These are overlain by lower 
Syzran' layers in the form of tripolis or a variety of gaizes. The gaizes 
may be gray or dark gray, dense, light-colored, yellowish gray, light, 
friable or pale yellow tripolilike. The gaizes are overlain by gaizelike 
sandstones of the upper Syzran' layers. The lower part of the Syzran' 
layers is characterized by afauna of Nodosaria raphanistrum L., 
Nucula proava Wood, etc., and belongs to the Early Paleocene. 

Remains of a rich Paleocene diatom flora were found in the gaizelike 
rocks of the lower Syzran' layers (Zhuze, 1945b). 

The Syzran' layers are overlain by sands and gaizes of the lower 
Saratov layers; eroded parts of the Syzran' series are covered by the upper 
Saratov (Kamyshin) suite. The sandstone at the base of the Kamyshin 
series merges gradually with light yellow, friable gaizes. 

The age of the Kamyshin suite is still controversial. Some authors 
(Chibrikova, 1954) consider them to be Eocene on the basis of the presence 
of Eocene fauna, while others (Sycheva-Mikhailova, 1958) regard them as 
part of the Late Paleocene. Zhuze (1949b) dated the diatom flora of the 
Kamyshin layers in the Early Eocene on the basis of its similarity to Early 
Eocene diatom flora of Denmark. 


Penza Region 


The lower Syzran' layers of the Penza Region are represented by 3 
preparations: no. 9 from the dried diatom collection at MGU; no. 232—58 
from the Gorodishche area (collection of the VSEGEI Paleobotanical 
Laboratory), and no. 2 from outcrop 32 (collected by V. I. Yarkin). Sample 
no. 2 was taken from tripolilike clays emerging at the surface near 
Chuvashskaya Reshetka village in the Kuznetsk area, where V.I. Yarkin has 
found shells of Early Paleocene mollusks. 

All three preparations contain diatom frustules and skeletons of silico- 
flagellates (Table 3), which are most abundant and best preserved in the 
Chuvashskaya Reshetka village sample; the complex encountered at the 
two other localities is similar in composition, but less abundant. 
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The diatom flora included a number of species which characterize the 
lower Syzran! flora of the Volga area, e.g., Coscinodiscus sim- 
birskianus Grun., Trigeratium, wells sii, Grun.,. Hemiaa ulus 
polycystinorum Ehr., Trinacria pileolus Ehr. (group of 
forms), etc. 

There were only 5 silicoflagellate forms, all of them belonging to 
Dictyocha triacantha Ehr. The only form occurring in all the 
samples is D. triacantha var. hastata Lemm. The numerous forms 
were D. triacantha Ehr. var. triacantha f. triacantha, 
D.triacantha var. hastata Lemm. and D. triacantha var. 
apiculata f. minor Schulz, while the rest are very rare. 


Ulyanovsk Region 


The materials examined were from the area of Inza station, the Granoe 
Ukho quarry near the town of Sengilei, Akhmetlei and Arkhangel'skoe 
villages; the exact origin of one preparation is unknown (Table 4). 


Section near Inza station 


Preparation 12 from the diatom collection of MGU (Paleocene) and 
preparation 230-58 from the collection of the VSEGEI Paleobotanical 
Laboratory contained remains of a diatom flora whose composition 
(Melosira sulcata (Ehr.) Ktz. (group of forms), Coscinodiscus 
simbirskianus Grun., Triceratium weissii Grun., Hemiaulus 
polycystinorum Ehr., etc.) can be regarded as analogous to the 
Paleocene diatom flora described by Zhuze (1949b) from the Ulyanovsk 
Region. 

The silicoflagellate flora is poor and contains only 3 forms of a single 
species, Dictyocha triacantha Ehr. Most abundant is D. triacan- 
tha var. hastata Lemm., the skeletons of D. triacantha var. 
apiculata f. minor Schulz are rare and D.triacantha var. 
inermis f. minor Gleser is very rare. 


Section near Barysh station, Sharlovo village 


One preparation (no. 130 marked Paleogene from the teaching collection 
of the Department of Lower Plants of the MGU) was examined. The flora 
should be dated Early Eocene owing to the presence of a characteristic 
complex of diatoms which includes Grunowiella gemmata (Grun. ) 
V.H. and Triceratium mirabile Jousé. 

Ten species, varieties and forms of silicoflagellates were determined. 
Dictyocha lamellifera Gleser var. lamellifera was dominant; 
the remaining forms of this species appeared in small numbers. D. 
elongata Gleser, D. fibula var. fibula f. eocaenica Krotov and 
Naviculopsis robusta Defl. were rare, while the remaining forms 
were very rare. 
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Section near the village of Akhmetlei, 
northeast of Kuznetsk 


In preparation 6 from the teaching collection of the LGU (Kamyshin 
stratum) forms characteristic of the Early Eocene deposits of the Chasy 
River in the Kuznetsk area were determined: Melosira sulcata (Ehr.) 
Ktz. (group of forms), M. ornata Grun., Stephanopyxis broschii 
Grun., Coscinodiscus stellaris var. symbolophora (Grun) 
Jorg., Grunowiella gemmata (Grun.) V.H., etc. The presence of 
these forms confirms the Early Eocene age of the flora as indicated on 
the preparation tag. 

Eight species, varieties and forms of silicoflagellates were found: 
Dictyocha lamellifera Gleser with 2 forms, 4 forms of D. tria- 
cantha Ehr., and 1 form eachof D.deflandrei Freng. and D. fibula 
Ehr. All these forms are very rare or rare in number (Table 4). 


Section near the town of Sengilei, 
Granoe Ukho quarry 


Four preparations were examined. Preparation 228-58 of VSEGEI con- 
tained valves of diatoms (Table 4). The abundance of Stephanopyxis 
turris var: intermedia Grun., Coscinddiscus lineatus Bie 
Triceratium mirabile Jousé, Grunowiella gemmata (Grun.) 
V.H. correlates the encountered complex with Early Eocene flora of other 
areas of the Middle Volga. 

Silicoflagellates are fairly numerous here; 11 species, varieties and 
forms are found. Dictyocha lamellifera var. constricta Gleser 
is abundant; D. fibula var. fibula f. eocaenica Krotov is frequent; 
D. lamellifera Gleser var. lamellifera, D. elongata Gleser, 
Naviculopsis robusta Defl., etc., are rare; skeletons of some 
forms of Dictyocha triacantha Ehr. and Naviculopsis biapi- 
culata (Lemm.) Freng. var. biapiculata are very rare. 

Sample 13 of outcrop 2 (teaching collection of the Department of Lower 
Plants, LGU) revealed a somewhat different diatom flora (Table 4). In 
addition to the characteristic forms of the Early Eocene of the Volga area, 
there were a few valves of Coscinodiscus uralensis Jousé, 
hitherto known only from the Middle (?) and Late Eocene deposits of the 
eastern slope of the Urals. 

There are 6 silicoflagellate forms. Of these, Dictyocha fibula 
Ehr. var. fibula f. fibula is frequent, D.triacantha Ehr. var. 
triacantha f. triacantha and Naviculopsis biapiculata var. 
minor (Schulz) Gleser are rare, and the remaining forms very rare. 

The dried diatom collection of the MGU from the Granoe Ukho quarry 
includes 2 samples: no. 15 from a depth of 16.0 m (Paleocene) and no. 16 
from a depth of 6.0 m (Early Eocene). 

The diatom flora observed in sample 15 from a depth of 16.0 m is 
similar to that of preparation 228-58 of VSEGEI. The presence of such 
forms as Stephanopyxis broschii Grun., Coscinodiscus 
lineatus Ehr., C. moelleri var.macroporus Grun., Tri- 
ceratium mirabile Jousé, T. ventriculosum A.S. and 
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39 Grunowiella gemmata (Grun.) V.H. make both samples closely 
similar to the Early Eocene flora of the eastern slope of the Urals. 
Apparently the age of the flora was not indicated correctly on the tag, 
especially since the list of the dominant complex includes species not 
occurring in the material. 

The silicoflagellates found here are analogous to the complex observed 
near the town of Sengilei (preparation 228-58), although D. deflandrei 
Freng. var. deflandrei is a new form. 

The diatom complex found in sample 16 from a depth of 6.0 m is 
analogous to the Early Eocene complex described from sample 13, out- 
crop 2 (Table 4). 

The silicoflagellate flora of this material consists of 8 forms, none 
of which are abundant: Dictyocha fibula var. fibula f. rhombica 
Schulz and Naviculopsis biapiculata (Lemm.) Freng. var. 
biapiculata are frequent, D. triacantha Ehr. var. triacantha 
f. triacantha and D. deflandrei Freng. var.deflandrei rare, 
and the rest very rare. 


Section near Arkhangelskoe village 


Preparation 5588 from the dried diatom collection of H. Boecker was 
examined. 

As can be seen in Table 4, the characteristic complex includes species 
widespread in Paleocene deposits of the lower Syzran' stage (Trinacria 
pileolwe var, josephina, Grun., Triceratium, heiberpenGarm.; 
Hemiaulus polycystinorum var. brevicornis Jousé, etc.). 

The silicoflagellates are represented by 2 species — Dyctyocha 
archangelskiana (Schulz) Gleser and D.triacantha Ehr. with 
3 varieties. All of them are very rare. 

Analogous diatoms, dated in the Paleocene, have been found in an 
unspecified location in the Ulyanovsk Region (preparation no. 5 of the teaching 
collection of the Department of Lower Plants of the LGU). The only 
silicoflagellates observed here are rare specimens of Dictyocha 
triacantha var. hastata Lemm. (Table 4). 


CAUCASUS, WESTERN PART OF 
NORTHERN CAUCASUS 


Silicoflagellates were examined in diatomites of the Maikop suite from the 
Shibik River, Krasnodar Territory, from the collection of V. A. Grossgeim. 

The Maikop deposits of western Kuban are poorly defined paleonto- 
logically (V. A.Grossgeim, 1959). The lower Maikop is placed in the Early 
Oligocene (?) on the basis of a comparison with neighboring areas where 
I. A. Korobkov identified an Early Oligocene molluskan fauna in the Khadum 
clays. The middle Maikop is characterized by considerable facial variation 
of deposits, which appear as conglomerates, sandstones, siltstones, clays 
and diatomite members. The latter outcrop along the Shibik River. The 
upper Maikop deposits, predominantly argillaceous, were not demonstrated 
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with certainty in all the sections. Considering its position below the 
Tarkhan marl which has a Middle Miocene fauna, the upper Maikop may 

be placed in the Early Miocene. The boundary between the Miocene and 
Oligocene probably runs between the middle and upper Maikop. V. A. 
Grossgeim places the diatomites of the Shibik River in the Late Oligocene; 

on the other hand, A. P. Zhuze and V.S. Sheshukova-Poretskaya are inclined 
to regard the complex of diatoms and silicoflagellates from these diatomites 
as part of the Early Miocene (Grossgeim, 1959), 

Sheshukova-Poretskaya and Glezer (1962) made a thorough analysis of 
the diatoms, silicoflagellates and dinoflagellates and hybrids in 2 samples 
of diatomite (nos. 500c,; and 500c,) from the Shibik River. These samples 
contained mainly remains of microorganisms which occur essentially in 
the Miocene in other parts of the world. The following characteristic 
complex was established. 


Diatomaceae 


Stephanopyxis turris var. cylindrus Grun. 
S, ti Vath intermedia Grun. 

Coscinodiscus pdhdi tac anmin Sica 
Gobscurus A. &. ; 
Craspedodiscus raids See elt f. 


very abundant 
very abundant 
very rare 

very abundant 


ee ee ee ee 


cu annals 2 


Sheshukova et Gleser common 
Xanthopyxis oblonga Ens abundant 
Asteromphalus symmetricus Bhesiakove 

eGledéres HtaA th td Goel. «bares frequent 


Actinoptychus ‘ waiientuis (Bail.) Ralfs var. 
undulatus Z ay 

A. u. var. reat trl vies Teasee tipple) 4 & 

Actinocylis ehrenbergii var. tenellus.- 
(Bréb.) Hust. be © 

Chaetoceros sp. sp. fone) 


Raphoneis maeotica (Milov.) Sheshukova 


very abundant 
common 


very abundant 
very abundant 


et Gleser : 
Synedra fous Cane f. 1 Saree” Shashuilova 
Thalassionema nitzschioides var. 
obtusa Grun. 


abundant 
very abundant 


very abundant 


Ebriidea 


Hermesinum adriaticum var. ornatum Defl. very abundant 


Hise ih it, DEM, 44) 3A. wa Boned ele e abundant 
Ditripedium, fenestratudy, De “octet rales abundant 
Dj 2 pende nim Peds UP), «25 -nad Ad Aree abundant 


Only 2 silicoflagellate forms were encountered: Dictyocha triacan- 
tha Ehr. var. triacantha f. triacantha in very rare quantities and 
Distephanus crux (Ehr.) var. crux in very abundant amounts. 
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EASTERN SLOPE OF THE URALS AND 
WEST SIBERIAN PLAIN 


The silicoflagellates of the Upper Cretaceous and the Paleogene were 
examined mainly in materials from the eastern slope of the Urals and the 
West Siberian plain. The silicoflagellate skeletons occur in siliceous 
rocks which contain abundant diatom remains. A considerable amount of 
information exists on the distribution of silicoflagellate complexes in 
sections of the Upper Cretaceous and Paleogene deposits of the Urals and 
of some parts of the West Siberian plain. 

Deposits of the earliest diatom floras occur in the siliceous rocks of 
the Slavgorod suite, which is up to 218 m thick and consists of marine 
clays, often of the gaize type, argillites, gaizes with bands of sandstones 
and siltstones, and in some places (on the eastern slope of the Northern 
and Polar Urals) greenish gray diatomites. The Slavgorod suite is wide- 
spread on the territory of the West Siberian plain and the eastern slope of 
the Urals. Judging from the molluskan fauna, its age corresponds to the 
Turonian-Coniacian-Santonian-Campanian (Rostovtseva, 1958), 

Abundant remains of diatoms and silicoflagellates were found in the gaize 
gaizelike rocks in the upper part of the suite. Frustules of Stephano- 
pyxis schulzii Stein are very abundant, and there are large amounts 
of Triceratium schulzii Jousé, Hemiaulus polycystinorum 
Grun., Pyxilla cretacea Jousé and Gladius clavatus Jousé; 
other characteristic species, usually represented in small numbers, are 
Coscinodisicusrdisisonu sinsehulzs P oretzkiasmanrabidis 
Jousé, Stephanopyxis antiquus Jouse, etc. Zhuze (1948, 1949a, b) 
who published the first description of this flora, assumed that it was 
formed in the Upper Cretaceous, not later than the Maestrichtian. 

Further studies have produced a more accurate idea of the age of the 
diatom flora. Numerous shells of the Santonian mollusk Oxytoma 
tenuicostata Roem. are found in gaizelike rocks from a number of 
wells, and such characteristic Campanian forms as Scaphites 
cuvieri Mort. and Baculites obtusus Meek appear in natural 
outcrops in the basins of the Synya and Severnaya [Northern] Sosva rivers 
Glazunova et al., 1960). Krotov and Shibkova (1961) assume on these 


‘rounds that the Upper Cretaceous diatom flora described by Zhuze (1948, 


1249a, b) from the basin of the Bol'shoi Aktai River and widespread on the 
eastern slope of the Urals can be placed in the Santonian- Campanian. 
According to Voronkov (1959), the Leplya River basin presents a Santonian 
complex of diatoms with a large number of Gladius species anda 
Campanian- Maestrichtian diatom complex which also occurs in the basins 
of the Synya and the Nyais, as well as near Ust'-Man'ya village. However, 
Voronkov presents no other paleontological evidence in support of the 
Maestrichtian age of the diatom flora. For this reason I shall adhere to the 
floral correlation proposed by Krotov and Shibkova (1961) and adopted in 
the latest unified regional stratigraphic scheme of the Upper Cretaceous 
and Paleogene deposits of the West Siberian plain (Unifitsirovannaya 
regional'naya. .. etc., 1961). 

The age of the overlying Maastricht greenish gray clays alternating 
with marls (Gan'kino suite) has been established from the molluskan fauna 
Inoceramus tegutatus Hag., Baculites vertebralis Lam., 
Belimnitella lanceolata Sch., B. americana Mort, etc. 
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(Glazunova et al., 1960). Algal remains with siliceous skeleton or shell 

have not been found in the rocks of this suite. Only one diatom species — 

Stephanopyxis danicus Vekschina in litt. — is encountered in the 

Danian deposits of the Gan'kino horizon (Unifitsirovannaya regional'naya 
us) ete: , ahOGT) 

The Gan'kino suite deposit is overlain almost continuously by rocks of 
the Talitsa suite, although some interruptions are known. The Talitsa 
suite reaches a thickness of 250 m; its deposits are widespread in the 
western and central parts of the plain, and consist mainly of clays and 
argillites with a characteristic muddy gray and dark gray color 
(Rostovtseva, 1958). From the faunistic viewpoint, the Talitsa suite 
is divided into 2 zones. The lower is considered Early Paleocene (?) 

(the unified regional stratigraphic scheme of the Upper Cretaceous and 
Paleogene deposits of the West Siberian plain recognizes only the Paleocene) 
and is characterized by a rich complex of foraminifers including the typical 
species Ammobaculites incultus var. friabilis Ehremeeva. 

The upper zone with Cibicides vassilenko Lipman is placed in the 
Late Paleocene because of the presence of Paleocene mollusks (Leda 
biarata Koenen, Arca praescobra Koenen, Polinices 
(Euspira) detracta Koenen, Pleurotoma torelli Koenen, 
Scalaria volgenica Netschaew, etc.) and foraminifers (Bolivinop- 
sis scanica Brotzen, Anomalina umbilicata (Brotzen)) (Lipman 
et al., 1960). 

On the eastern slope of the Urals, the Talitsa suite consists of 2 
subsuites (Agranovskaya et al., 1957) or suites (Resheniya mezhduvedom- 
stvennogo. . . etc., 1959) known as the Marsyat suite (with a Polunoch- 
naya member) and the Ivdel' suite. The Marsyat suite of the Early Paleocene 
bears diatomites and beidellitic argillites, while the Ivdel' suite of the Late 
Paleocene consists of gaize clays and beidellitic argillites. The diatomites 
and argillites of the Marsyat suite contain numerous fossils of diatoms 
and silicoflagellates (Krotov, 1957a,b; Krotov and Shibkova, 1964). Zhuze 
(1949b) established that the diatoms whose frustules occur in the gray 
gaizelike clays of several localities in the Sverdlovsk Region belong to the 
Paleocene; he also described the Paleocene diatom flora of the eastern 
slope of the Urals (Zhuze, 1949b, 1951). According to Krotov (1957a, b) 
there are 2 complexes of Paleocene diatoms. The earlier complex is rich 
in Hemiaulus polycystinorum Grun., Trinacria pileolus 
Ehr. var. pileolus and T. pileolus var. josephina Grun.; it also 
contains single or rare specimens of Stephanopyxis ferox (Grev.) 
Ralfs, Triceratium heibergii Grun. and T. weissii Grun. These 
latter species become dominant in the later complex, while Hemiaulus 
polycystinorum Grun. and the forms of Trinacria pileolus Ehr. 
sharply decrease. Another characteristic feature of this complex is the 
appearance of Hemiaulus polymorphus var. frigida Grun. as well 
as numerous frustules of Stephanopyxis lavrenkoi Jousé and 
skeletons of Dictyocha triacantha Ehr. Stratigraphically, Krotov 
places both complexes in the Early Paleocene (Krotov, 1957a; Krotov and 
Shibkova, 1961), although in another publication he regards the older 
complex as part of the Early Paleocene and the younger one in the Late 
Paleocene. That both complexes of the Marsyat suite belong to the Early 
Paleocene is evident from their foraminifer fauna, which includes 
Rhabdammina cylindrica Glaes. andGlobigerina trilocu- 
linoides Plummer (Eremeeva, 1957). 
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Deposits of the Talitsa suite are overlain by a continuous stratum of 
rock of the Lyulimvor suite, which reaches a thickness of 238 m. 

The Lyulimvor suite rock is of marine origin. It consists of gray 
argillites and clays, often gaizelike, and in some places diatomites which 
merge upwards with argillites and greenish gray clays; the lower part of 
the section often bears thick masses of gray and light gray gaizes. This 
suite corresponds to the Early, Middle and partly Late Eocene according 
to its position in the section, and on the basis of a comparison with the 
better known sections of the Turgai Gates (Rostovtseva, 1958). It has 
characteristic complexes of foraminifers, radiolarians and diatoms. 
According to the microfauna, the Lyulimvor suite can be divided into 
2 strata: the lower stratum with sponge spicules and very rare radio- 
larians, and the upper radiolarian-bearing stratum with a lower zone 
characterized by Ellipsoxyphus chabakovii Lipm. and a higher 
zone characterized by Heliodiscus lentis Lipm. The upper 
radiolarian-bearing stratum belongs to the Late Eocene (Lipman et al., 
1960). 

According to Li and Pevzner, the Lyulimvor suite is situated east of 
the line connecting Talitsa-Turinsk-Malyi Atlym and the upper reaches 
of the Polui River. West of this line at the base of the section of Eocene 
deposits lies the Serov suite consisting of gaizes reaching a thickness of 
80 m — glauconite-quartz sandstones, gravelites, conglomerates and 
sands in the lower part and diatomites in the upper part. The Serov suite 
corresponds to the lower gaize subsuite and Lyulimvor suite and belongs 
to the Early Eocene (''Resheniya mezhduvedomstvennogo. . ., etc., 1959). 
The overlying Irbit suite consists of diatomites, argillaceous in the upper 
part, and sometimes with fine sandstones. The Irbit suite corresponds 
to the upper argillaceous subsuite of the Lyulimvor suite. According to the 
unified scheme, the Irbit suite belongs to the Middle and, partly, the Late 
Eocene. On the basis of the diatom and foraminifer populations, the Irbit 
suite should be placed in the Late Eocene (Rabinovich and Eremeeva, 1956; 
Agranovskaya et al., 1957). Among the foraminifers are Spiroplectam- 
mina elongata Nikitina, Bolivinopsis carinatus (d'Orb.) and 
others, known from the Late Eocene deposits of the Northern Caucasus as 
well as from the Late and Middle Eocene of the southern part of the basin 
of the Emba River. 

The Lyulimvor suite was formed during the period of the greatest 
transgression of the Paleogene sea; its deposits accumulated in a deeper 
sea basin than the Paleocene sea. 

Several diatom complexes of different age have been described from 
deposits of the Lyulimvor, Serov and Irbit suites. The most ancient Early 
Eocene diatom complex is associated with the Serov suite of the eastern 
slope of the Urals (Krotov, 1957a,b; Krotov and Shibkova, 1961); its 
characteristic forms are Triceratium kinkeri A.S. (rare), T. 
mirabile Jousé (common), T. ventriculosum A.S. (abundant), 
Grunowiella gemmata (Grun.) V.H. (abundant), etc. Krotov and 
Shibkova have determined the age of this complex on the basis of its 
position in the section and from its similarity to the Early Eocene flora 
of the Penza and Kuibyshev regions. Remains of an analogous diatom flora, 
though with a higher content of Eunotogramma weissii Ehr. valves, 
have been found by Rubina in gaize and diatomite members near the 
Lower Ob area (Rudkevich, Rubina, Permyakov, 1957; Rubina and 
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Droznes, 1961) as well as in the areas of Malyi Atlym and Kazym (Galer- 
kina, 1959). Zhuze (1949b) has established 2 complexes of Late Eocene 
diatoms in diatomites and diatomaceous clays of the Sosva River near Gari 
village with Coscinodiscus uralensis Jousé and C.moelleri 
var. Macroporus Grun. Krotov (1957a, b) and Krotov and Shibkova 
(1961) regard these complexes as characteristic of the Irbit suite of the 
eastern slope of the Urals and the Trans-Ural area. They place this flora 
in the Late Eocene because of its microfauna and stratigraphic position. 
A complex with an analogous species composition has been described 
(although without quantitative data) from the Irbit suite of the Kuznetsov 
drillhole from strata whose microfauna belongs to the upper radiolarian- 
bearing stratum of the Late Eocene (Li and Ravdonikas, 1960). 

Rubina assumes that the older complex of diatoms (with Coscinodis- 
cus uralensis Jousé) can be placed in the Middle Eocene (7?) 
(Rudkevich, Rubina and Permyakov, 1957). Indirect proof for this state- 
ment is the fact that the upper boundary of the range of the C. uralensis 
Jousé complex corresponds to the base of the upper radiolarian zone of 
the Late Eocene. In the Lower Ob area, the upper radiolarian zone bears 
a diatom complex which, according to Rubina, is dominated by Coscino- 
discus payrei Grun. and C.desrecenoides Jousé and has isolated 
frustules of Coscinodiscus argus Ehr., Stephanopyxis 
mar gifatea "Grunvery xtila’eracilis ‘Temp. et Forti,ete.” ima 
later article, Rubina speaks definitely of the Middle Eocene age of this 
flora (Rubina and Droznes, 1961). The lists of the Middle (?) and Upper 
Eocene diatoms found in the diatomites and diatomaceous clays of the 
middle horizon of the Eocene of the Berezovka— Malyi Atlym area cor- 
responds with the data of other works (Galerkina, 1959). An analogous 
Middle (?) and Late Eocene flora of diatoms has been described by 
Strel'nikova (1960) from the Ob-Pur interfluve and by Vozzhennikova 
(1960) from several parts of the West Siberian plain. 

Rocks of the Lyulimvor and Irbit suites merge gradually with deposits 
of the Chegan suite. The latter consists of plastic, greenish gray, rarely 

44 yellowish gray, vaguely and finely laminated clays with accumulations of 
a sandy-silty material with lenticular-intercalations of argillaceous 
siderite, pyrite inclusions, fish scales, etc. This suite has a more 
limited distribution than the Lyulimvor suite. Its deposits were formed 
during a regression of the sea. 

In Western Siberia, the Chegan suite ends in a cycle of marine sedi- 
mentation (Rostovtseva, 1958). The suite is placed in the Late Eocene 
and Early Oligocene since it contains shells of mollusks known from 
corresponding deposits of the Ukrainian SSR, England, France, Belgium, 
etc. (Lipman et al., 1960) and also because of the presence of the fern 
Azolla vera Krysht. In the upper part of the Chegan suite a zone is 
differentiated by a microfauna of Elphidium rischtanicum Bykova 
and Cubicides khanabadensis Mjassnikova. 

The lower part of the Chegan suite is characterized by a diatom complex 
dominated by Pyxilla gracilis Temp. et Forti (Krotov, 1957a,b; 
Krotov and Shibkova, 1961). Zhuze (1949b) places this complex in the 
Early Oligocene. The same view is expressed by several other workers 
(Krotov and Shibkova, 1961; Vozzhennikova, 1960; Rudkevich, Rubina, 
and Permyakov, 1957; Strel'nikova, 1960; Vekshina, 1961la,b; Shibkova, 
1961). Rubina and Strel'nikova note that this Early Oligocene diatom 
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complex occurs together with the Late Eocene radiolarians of the upper 
radiolarian zone. On these grounds, Lavrenchuk (1959) regards the 

diatom complex dominated by Pyxilla gracilis Temp. et Fortias 
transitional between the Late Eocene and the Early Oligocene. According 
to Galerkina (1959), this complex belongs to the uppermost Late Eocene 
deposits. Rubina and Droznes (1961) place it in the Late Eocene. Finally, 
this complex appears in the unified scheme (Unifitsirovannaya regional'naya 

., etc., 1961) as part of the Late Eocene in the upper part of the 
Lyulimvor suite. 

In this work, I have conditionally placed the Pyxilla gracilis 
Temp. et Forti complex in the Late Eocene — Early Oligocene. 

Using materials from the Khadyr- Yakha River, Vozzhennikova (1960) was 
able to detect a gradual replacement of the Pyxilla gracilis Temp. 
et Forti complex by another group of species headed by P. oligocaenica 
Jouse and including considerable amounts of Coscinodiscus mira- 
bilis Jousé, Brightwellia hyperborea Grun., etc. Vozzhennikova 
places the latter complex in the Early Oligocene, as does Shibkova (1961) 
with a similar complex from the Northern and Prepolar Urals. I have 
conditionally attributed the same age to the complex dominated by Pyxilla 
oligocaenica Jousé. 

We examined samples from the Upper Cretaceous and Paleogene 
deposits of the eastern slope of the Prepolar, Northern and Central Urals, 
as well as the Trans-Ural area and the northern (southern Taz peninsula), 
eastern (basin of the Pechal'-Ky River, a right tributary of the Taz) and 
southeastern West Siberian plain (Middle Ob area). 


Eastern slope of the Urals and Trans-Urals 
Basin of the Nes'-Yugan River 


One sample was examined from the right bank of the Nes'-Yugan River, 
a left tributary of the Synya. This material contained shells of Upper 
Cretaceous diatoms (preparation 147, MGU) (Table 5). Comparison of the 
characteristic diatom complex (Melosira cretacea Jousé, Ste- 
phanopyxis schulzii Stein., Pyxilla ascidiformis Jouse, P. 
cretacea Jouse, Triceratium schulzii Jousé, Hemiaulus 
polycystinorum var. brevicornis Jouse, H. praelegans 
Jouse) with the Santonian-Campanian diatom complex of the eastern slope 
of the Urals (Krotov and Shibkova, 1961) reveals that the algae of the 
Nes'-Yugan River are also Santonian-Campanian. The preparation con- 
tained 5 silicoflagellate species of the families Vallacertaceae Defl. 
and Cornuceae Gem. 

Species of Vallacerta Hanna — V. hortonii Hanna and V.tumidula 
Gleser — appeared in very rare numbers; species of Lyramula Hanna 
are more numerous — L. furcula Hann (abundant) and L. simplex 
Hanna (frequent); finally, there are isolated specimens of Cornua 
Lritine sata. sehulyz. 
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Basin of the Northern Sosva 


Wurecrop on Nyais miver, a lett tributary 
Gt the Northern Sosva, below the confluence 
with the Kely-Pota-Soe stream 


Preparation 103 of the MGU standard diatom collection from the Upper 
Cretaceous was examined (Table 5). Judging from the composition of the 
characteristic diatom complex, the Nyais River complex is analogous to 
the Santonian-Campanian diatom flora of the eastern slope of the Urals. 
The preparation contained 7 silicoflagellate forms, 6 of which belonged 
to the Vallacertaceae Defl. and Cornuaceae Gem. families, and only one to 
Dictyochaceae Lemm. Lyramula furcata Hanna was abundant; there 
were rare skeletons of Vallacerta hortonii Hanna, and isolated 
specimens of the remaining species. 


Basin of the Leplya River, a right 
tributary of the Northern Sosva 


This basin is represented by two preparations (132 and 133) of the same 
collection (Table 5). The dominant diatom complexes in preparation 132 
(Stephanopyxis discrepans Hanna, S. ornata Schulz, S. schulzii 
stein., Hemiaulus asymmetricus Jousé, Trinacria anissi- 
movae Jousé, Trinacria sp., Goniothecium odontella Ehr. var. 
odontella) and preparation 133 (Stephanopyxis antiquus Jousé, 

S. schulzii Stein., Gladius hispidus Jousé, Pyxilla cretacea 
Jousé, Hemiaulus echinulatus Jousé, H. fragilis Jousé) contain 
species occurring in the Santonian-Campanian of the eastern slope of the 
Urals (Krotov and Shibkova, 1961). Among the silicoflagellates of prepara- 
tion 132 are a single species of Vallacertaceae Defl. — Vallacerta 
hortonii Hanna (very rare), 3 species of Cornuaceae — Lyramula 
furcula Hanna (abundant), Cornua poretzkiae Gleser (rare) and 

C. trifurcata Schulz (abundant), and 1 form of Dictyochaceae Lemm. — 
Dictyocha triacantha var. apiculata Lemm. f. apiculata (very 
rare). Preparation 133 had a somewhat different silicoflagellate compiex 
with Vallacerta hortonii Hanna (very rare), Lyramula furcula 
Hanna (frequent), L. simplex Hanna (very rare), Cornua trifurcata 
pcmulz (very rare), Dictyocha triacantha var. apiculata f. 
late-radiata Schulz (very rare), and D. triacantha var. inermis 
Lemm. f. inermis (very rare). 


Lett bank of Vogunika River, a teft tributary 
or the Northern Sosva, outerop 211 
(from the collection of V.S.Volkova) 


The outcrop is situated on the left bank of the Vogulka, 0.6 km below 
the Vyshnyrtomskie Yurty [tents]. Continental Quaternary and Tertiary 
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sandy deposits in the lower part of the outcrop are underlain by a rusty 
brown, argillitic, ferruginous layer with surface rubble split into large, 
sharp-edged pieces. Below the rubble as far as the waterline there are 
members of Eocene diatomites and argillites. The diatomites in a dry 
state are white, light and easily soiled; in fresh condition they appear as 
a dense bluish clay. The diatomite interlayers are 0.7 m thick. The 
argillites are gaizelike, rusty brown, and are 0.3 m thick. 

Two samples were examined from the members: no. 7 (diatomite) and 
no. 7b (gaizelike argillite). Remains of algae were found only in the 
diatomite sample (Table 6). The diatoms were uniform with poorly pre- 
served frustules. Only a few species were numerous: Melosira 
sulcata (Ehr.) Ktz. (group of forms), Stephanopyxis turris var. 
intermedia Grun., Eunotogramma weissii Ehr. and Anaulus 
weyprechtii Grun. 

A similar complex has been described from the Lower Ob area as 
belonging to the Early Eocene (Rudkevich, Rubina and Permyakov, 1957; 
Rubina and Droznes, 1961). 

Of the 5 silicoflagellate species, varieties and forms, 3 belong to 
Dictyocha lamellifera Gleser. One form of this species (var. 
lamellifera) dominates in the complex; the other two are rare, as 
is D. elongata’ Gleser. 


Malaya [Lesser|]-Sesva- River; arent 
itiputary of the Northern Sosva,. > auterop ice 
(from the collection of N.N. Milyukova) 


The outcrop lies on the right bank of the Malaya Sosva, 1 km above the 
bend around Cape Svyatoi, at a height of 8 m above the river level. Bluish 
gray clays of the Chegan suite emerge at the waterline. 

One sample of these clays, no. 84, was examined. The sample contained 
remains of a fairly uniform diatom flora and a comparatively varied 
silicoflagellate flora (Table 7). Among the diatoms were very abundant 
valves of Melosira sulcata (Ehr.) Ktz. (group of forms) and abundant 
Pyxilla gracilis Temp. and Forti. The remaining species were much 
less numerous. 

This complex can be placed with reservation in the Late Eocene — Early 
Oligocene. 

The silicoflagellate flora consists of 15 species, varieties and forms, 
most of them in considerable amounts. Dictyocha rotundara Jousé 
var. rotundata is very abundant, while var. secta Gleser of the same 
species is frequent. Naviculopsis biapiculata var. minor 
(Schulz) Gleser is abundant, var. biapiculata frequent. Considerable 
amounts of skeletons of some forms of Dictyocha frenguelli Defl. 
and D. deflandrei Freng. were found. D. transitoria Defl. is 
frequent. 
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Area of the Sherkaly settlement 


From this area material of 4 wells (3-k, 5-k, 8-k and 11-k of the 
collection of P. F. Li) was examined. No algae were found in the first 
two wells. 

In wells 8-k and 11-k, diatoms and silicoflagellates were encountered 
in the layer of Eocene diatomites. 

As can be seen in Table 8, the diatom complex of well 8-k (depth 
142.0 m, sample 1) is characterized by the presence of only 2 Coscino- 
diseus species — C. moelleri-var..maecroporus Grun. and 
C.uralensis Jousé. Both forms are abundant. This feature is 
reminiscent of Middle (?) Eocene flora known from the Lower Ob area. 
There are only 4 silicoflagellate forms. Only Dictyocha frenguelli 
var. carentis Gleserf. carentis is frequent; the remaining forms 
are very rare or rare. 

In well 11-k, remains of a very poor algal flora were found at a depth 
of 136.0 m (sample 2). Only frustules of Melosira sulcata (Ehr.) Ktz. 
(group of forms) are very abundant (Table 8). In its species composition, 
the diatom complex resembles the Late Eocene complex of the Malyi Atlym 
settlement (well 6-k, depth 320 m, sample 7, see below). The 7 species, 
varieties and forms of silicoflagellates determined are represented by 
very rare numbers (Table 8). 


Malyi Atlym settlement 


From the Malyi Atlym area materials from 2 wells — l-r and 6-k (from 
the collection of P. F. Li) were examined. Remains of algae were found 
only in samples from well 6-k. 


Well 6-k 
Chegan suite — Pg}— Pgi 


39.3—220.1m Greenish gray clay, breaking down into irregular, thin- 
leaved pieces. 
235.3—246.6 m_ Light greenish gray argillite, somewhat gaizelike, 
vaguely stratified, splitting into thin irregular plates. 


Lyulimvor suite — Pg}3 
246.6 —264.1m_ Light gray, gaizelike argillite, in some places reminis- 
cent of diatomites. 
283.0—333.5 m Light gray, loose, nonstratified diatomite. 
341.5—347.8 m Gray, dense, monolithic gaize, breaking into large pieces. 
Five samples from the core were examined microscopically: no. 2 — 


greenish gray clays, depth 163.0 m; no. 3 — greenish gray argillite, 
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depth 240.0 m; no. 5 — diatomites, depth 287.0 m; no. 7 — diatomites, 
depth 320.0 m; no. 15 — gaize, depth 345.0 m. 

Remains of algae were found in samples 2, 3 and 7 (Table 9). Sample 7 
contained remains of a well preserved diatom flora. The abundance of 
valves of species of Coscinodiscus suchas C. moelleri var. 
macroporus Grun. andC. payeri Grun., together with masses of 
Melosira sulcata (Ehr.) Ktz. (group of forms) and Grunowiella 
gemmata (Grun.) V.H., indicates that this complex belongs to the Late 
Eocene. 

Eight silicoflagellate taxons were encountered together with the Late 
Eocene (diatom complex). Three of these taxons — Dictyocha 
trenswellicvar/earentis Gleser igen retiis eta incerta 
Gleser and Naviculopsis biapiculata (Lemm.) Freng. var. 
biapiculata — were found in large numbers; the rest were very rare 
or rare. 

Samples 2 and 3 had a scarce and poorly preserved fossil diatom flora 
(Table 9) with Pyxilla gracilis Temp. et Forti as the dominant form; 
Melosira sulcata var. siberica Grun. is common and Stephano- 
PpYX1S _Marginata,Grun. very rare. 

This diatom complex is characteristic of the Late Eocene — Early 
Oligocene (?) deposits of the uppermost part of the Lyulimvor (Irbit) suite 
or the lower part of the Chegan suite. 

Both samples possess closely similar complexes of silicoflagellates in 
which Dictyocha rotundata Jousé var. rotundata dominates, and 
smaller amounts appear of Naviculopsis biapiculata var. minor 
(Schulz) Gleser. 

The samples differ in having Dictyocha transitoria Defl. anda 
greater amount of skeletons of D. rotundata var. secta Gleser in 
sample 3. In addition, the clays of sample 2 contain frequent skeletons of 
D. fibula Ehr. var. fibula, which is encountered in underlying 
argillites. Other differences involve individual forms. 


Basin of Pelym River near Burmantovo village 
Samples from wells 1, 5 and 15 were examined. The material from 
wells 1 and 15 contained only very rare, unidentifiable fragments of diatom 


frustules. Thesample from well 5, drilled inthe basin of the Pelym River, 
revealed remains of silicoflagellate and diatom floras. 


Well 5 
Quaternary deposits 


0.0—1.5 m Poorly graded, coarse, micaceous, gray sandstone and sand, 
with ferruginous spots, plant remains, gravel and pebble. 
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Chegan suite — Pg3— Pg} 


1.5—191.8 m Gray clay with a slight greenish tinge and with rusty 
ferruginous spots, mica scales, pockets and interlayers 
of siltstone having fine lamellar structure when dry. 
There are interlayers of silty, slightly micaceous clays 
with a large amount of fine, carbonized plant residue, 
sparse inclusions of glauconite and pockets of quartz sand. 
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191.8—231.15 m Light gray, silty, slightly micaceous argillite, slightly 
gaizelike in some places with sparse imprints of fish 
scales and carbonized plant residue. 


A sample of gray silty clay of the Chegan suite from this well ata 
depth of 47.5—56. 3 m was examined. Because of the abundance of 
Pyxilla oligocaenica var. tenuis Jouse, the diatom complex 
was placed in the Early Oligocene (?). 

Together with remains of the diatom flora, a peculiar complex of 
silicoflagellates with 12 species, varieties and forms was found (Table 10). 
The table shows that the dominant silicoflagellates are Dictyocha 

elata var. media Gleserf. media etf. reducta Gleser and 
Distephanus antiquus Gleser. The latter species is represented 
mainly by pentagonal and hexagonal skeletons; heptagonal and octagonal 
shapes are less frequent. Dictyocha rotundata Jousé var. rotund- 
ata is encountered in considerable numbers; the remaining species are 
very rare or rare. 


Lozva River, near Pristan 
Samples from the well cores 26 (Tyn'inskii sector), 361 (Lozva sector), 


and 268 (South Lozva sector) were examined. The material from well 26 
contained only unidentifiable diatom remains in a semidissolved state. 


Well 361, Lozva Sector, norrhor Fens pan 

Quaternary deposits 

0.0—6.7m Loose loams with plant roots and subangular quartzite 
and porphyrite fragments. 

Talitsa suite — Pg, 

9.3—11.3 m_ Sandy argillite with large amounts of quartz gravel; the 
argillite gradually passes to gray, fine, slightly cemented, 


micaceous sandstone with variously polished quartz gravel. 
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11.3—31.0 m Sand and sandstone, analogous to above description; the 
lower part is richer in clay, having interlayers of dark 
gray silty clays, gravel and small pebbles of eruptive 
rocks. 

31.0—43.7 m Fragments of gray, gaizelike argillites with a considerable 
amount of sandy material; in places the rocks are more 
monolithic, highly fractured and crushed. 

43.7—68.7 m A bed of gray, silty, slightly gaizelike argillite with 
laminas and lenticles of a light gray, micaceous siltstone 
with dark gray, crumbled argillites and fine, slightly 
cemented sandstone with quartz gravel; the interlayer at 
the bottom of the interval is rich in gravel-pebble. 

155.5—341.0 m Gray argillite of slight greenish tinge, gaizelike, greasy 

to the touch, with interlayers and lenticles of glauconitic 
sandstone and with quartz gravel and other eruptive rocks, 
breaking down into more or less parallel plates witha 
rough fracture surface; there are interlayers of dark gray 
argillite with small, carbonized and pyritized plant re- 
mains. At the top of the interval interlayers of sandstone 
are encountered similar to those described above; in the 
lower part there are laminas of silty argillites with 
numerous glauconite grains as well as fragments and 
interlayers of a brown, solid, finely granular siderite 
and of manganese ore. 


Slavgorod suite — Crg™°P 


341.0—390.0 m Gray argillite with a greenish tinge, in some places 
greenish gray, with interlayers of lighter-colored 
varieties, slightly gaizelike. The rocks break down 
into rough, sharp-edged fragments. Underlain by white, 
kaolin clays. 


Results of the microscopic examinations of 13 samples from the well 
are shown in Table 11. In the range of 12.3 —217.3 m, traces of algae could 
be detected. Such fossils were found in only 2 samples from the Talitsa 
suite: no. 19, depth 292.0—295.0 m, and no. 22, depth 334.5—338.0 m. 

The diatom flora of these two samples are very close; however, certain 
differences were evident. Thus, at a depth of 334.5—338.0 m, Coscino- 
discus lineatus Ehr. dominates, and frustules of Triceratium 
heibergii Grun. are frequent; both of which do not occur in the over- 
lying sample. On the other hand, at a depth of 292.0—295.0 m there are 
numerous frustules of Melosira sulcata Grun. and Stephanopyxis 
ferox (Grev.), absent in the deeper sample. 

The diatom complex encountered in samples 19 and 22 is analogous 
to the Early Paleocene diatom complex described from the Serov and Ivdel 
areas. Complexes of both samples show both similarities to and differences 
from the lower and upper complexes of the Paleocene. With the lower 
complex, they share an abundance of Trinacria pileolus var. 
josephina Grun. and absence of Stephanopyxis lavrenkoi Jousé 
and Hemiaulus polymorphus var. frigida Grun. They have in 
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common with the upper complex large amounts of Stephanopyxis 
ferox (Grev.) Ralfs (sample 19) and Coscinodiscus lineatus Ehr. 
(sample 22). These features are apparently due to similar environmental 
conditions. On the basis of the taxonomic composition, the diatom and 
silicoflagellate floras can be placed in the Early Paleocene. 

The silicoflagellates are represented in both samples by a limited 
number of specimens belonging to several varieties and forms of Dictyo- 
cha triacantha Ehr. In addition, individual skeletons of D. archan- 
gelskiana (Schulz) Gleser and Mesocena aff. apiculata (Schulz) 
Defl. were encountered at a depth of 292.0—295.0 m. 


Well 268, Pristan settlement 
on Lozva River 


Quaternary deposits 


0.0 —64.3 m Brownish gray clays with boulders, gravel, carbonized 
plant remains and fragments of argillites. 


Talitsa suite — Pg, 


64.3 —80.3 m Dark gray, deformed argillite with numerous sliding 
surfaces, with laminas and lenticles of gray siltstone 
and light gray sandstone. Below the middle of the interval 
the argillite gradually merges with fine, micaceous, 
light gray sandstone. Carbonized plant remains are 
present. 

80.3 —83.8 m Slightly calcareous clay in places. 


Slavgorod suite — Cr§o-stcP 


83.8—164.1 m Greenish gray argillite, slightly gaizelike in places, 
with aggregates of a light gray micaceous siltstone, 
breaking down into more or less regular plates at an 
angle of 10—12°. Below 146.4 m the argillite becomes 
more monolithic, in places strongly silty with accumu- 
lations of carbonized plant remains. Below 157.0 m the 
rocks merge gradually into a gray, greasy argillite with 
interlayers of dense, gray, slightly micaceous argil- 
laceous siltstone. Underlain by continental deposits of 
the Lower Cretaceous. 


Seven samples were examined from the well core. The sample from 
the Talitsa suite (depth 64.3— 80.3 m, top) contained no diatoms, as did 
samples from the lower part of the Slavgorod suite (no. 13, 146.6— 
150.4 m; no. 15, 157.5—164.1 m). Diatoms and silicoflagellates were 
encountered in 4 samples from the Slavgorod suite (nos. 8, 9, 10, 12) in 
the range of 83.8—136.2 m (Table 12). 
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Three samples (nos. 8, 9 and 12) revealed well preserved remains of 
abundant diatom floras of almost identical composition, differing only with 
respect to the numbers of some species. All the samples were rich in 
valves of Stephanopyxis schulzii Stein. var. schulzii et var. 
cretacea Jousé, Coscinodiscus dissonus Schulz and Pyxilla 
cretacea Jousé. The valves of Poretzkia mirabilis Jousé, 
Hemiaulus fragilis Jousé, Trinacria anissimovae Jousé 
and Eunotogramma enorme Krotov were present in smaller amounts 
and in some preparations only. Sample 10 contained a poorer complex. 

A similar flora found on the eastern slope of the Urals has been placed 
in the Santonian-Campanian. 

Numerous skeletons of a few silicoflagellate forms were found together 
with the diatom frustules. Sample 10, however, contained very rare 
skeletons of only 2 silicoflagellate species. A total of 8 silicoflagellate 
species and varieties were encountered. 

Most abundant are the silicoflagellates of the families Vallacertaceae 
Defl. and Cornuaceae Gem. 

Vallacerta hortonii Hanna is abundant in all the samples. 
Lyramula furcula Hanna is also present in all the samples, being 
abundant in sample 10 and frequent in the rest. L. simplex Hanna is 
relatively scarce in the entire section. Samples 9 and 12 contain single 
skeletons of Vallacerta tumidula Gleser. Species of Cornua 
Schulz have a very limited distribution. 

Skeletons of silicoflagellates belonging to the family Dictyochaceae 
Lemm. (Dictyocha triacantha var. apiculata Lemm. f. apicu-= 
lata etf. lateradiata Schulz) were encountered only in 2 samples 
in very small amounts. 

These slight differences in the qualitative and quantitative composition 
of the algal complexes of the examined samples do not make possible 
conclusions concerning a trend in the evolution of the silicoflagellate flora 
during the Santonian- Campanian. 


Area of the town of Ivdel 


Samples from wells 100, 130 and 564 were examined. Fossils of algae 
were found in a number of samples from wells 130 and 564. 


Well 130, sowth: of) fyvdel 
Quaternary deposits 


0.0—12.5 m Brown peat on top is underlain by heterogeneous sand with 
pebbles, boulders and carbonized plant remains. 
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Chegan suite — Pg3— Pg} 


12.5—17.7 m Gray, greenish-tinged, greasy clays of finely stratified 
structure with lenticles and laminas of gray siltstone. * 


Irbit suite — Pg33 


17.7—144.0 m The clays merge gradually downward into light gray 
argillites with a slight greenish tinge. Gaizelike, 
micaceous argillites with lenticles of micaceous siltstone 
and pockets of pyrite break down into more or less 
parallel plates with interlayers of argillaceous diatomites 
and a light gray, dense gaize. The argillites are under- 
lain by light gray, loose, slightly micaceous, easily 
soiled diatomites which split into irregular plates witha 
rough fracture plane. The diatomites contain laminas 
of glauconite-quartz siltstone of micaceous nature 
and scattered plant remains and shell imprints. In 
places the diatomite is richer in siltstone; downward it 
becomes denser and more argillaceous, and gradually 
merges into an argillaceous gaize. 


Serov suite — Pgi 


144.0—168.0 m Gray to dark gray argillaceous gaize with sparse 
prisypki** of micaceous siltstone of subconchoidal 
fracture, splits into parallel plates with a smooth 
surface. There are worm trails, rare imprints of 
pelecypod shells, inclusions of plant residue, and len- 
ticles of a micaceous, glauconite-quartz sand. The 
gaize is underlain by a greenish gray clay with gravel, 
pebbles and interlayers of sandy clay containing a 
gravel-pebble material and siderite interlayers. 


Talitsa suite — Pg, 


168.0—294.0 m Muddy gray, greasy argillite of lamellar structure, 

gaizelike in some places, splitting into regular parallel 
plates with micaceous, silty, often glauconitic material 
on the planes of lamination which are vaguely horizontal; 
pyritized plant remains, sparse shell fragments and fish 
scales are encountered. There are interlayers of eroded 
gravelite composed of fragments of quartz, siderite and 
other rocks. Downward the argillites become dark gray 
and more monolithic with imprints of worm trails, 


* A number of geologists place these clays in the Irbit suite. 
** [Prisypki — crystal fragments or minerals covering the exposed upward facet of the crystal; one of the 
features permitting reconstruction of the original orientation of the crystal. ] 
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carbonized vegetation residue and thin, calcareous, some- 
what flattened tubules. There is a gradual transition to 
the rocks of the Kuznetsovo suite. 


° t 
Kuznetsovo suite — Cr, 


319.0—325.3 m Laminated gray argillite, silty in some places, splitting 
into parallel plates with a poorly defined horizontal 
lamination. Downward the argillite becomes dark gray, 
laminated and greasy to the touch. The Kuznetsovo suite 
lies under a crust of debris. 


In the 26 samples from well 130 examined microscopically, large 
numbers of fossil algae were found only in the samples from the Irbit and 
Chegan suites (Table 13); those from the Talitsa, Slavgorod and Kuznetsovo 
suites did not contain remains of frustules and therefore do not appear in 
the table. 

Two diatom complexes are evident in the Irbit suite. The older of these 
complexes is rich in only 2 species of the genus Coscinodiscus 
(C. moelleri var. macroporus Grun. and C.uralensis Jousé) 
that are characteristic of the Middle (?) Eocene. This Middle (?) Eocene 
complex was found at a depth of 137.3 m (sample 33), 128.7 m (sample 31) 
and 116.0 —120.6 m (sample 29) in gray argillaceous diatomites. Above 
(at a depth of 106.0 m) the number of Coscinodiscus uralensis 
Jousé frustules become rare, while C. moelleri var. mac roporus 
Grun. becomes abundant. 

The younger complex of the Irbit suite is characterized by the following 
features. Considerable amounts of Coscinodiscus Ehr. species are 
encountered, suchas C. argus Ehr., C.decrescens var. polaris 
Grun., C. decrescenoides Jousé, C. moelleri var. macroporus 
Grun., C. payeri Grun., C. radiatus Ehr., as wellas Stephano- 
pyxrs_ednta Jousé, S. punctata Jousé, Triceratium exornatum 
Grev., Trinacria exculpta (Heib.) Hust., etc. The systematic 
composition and quantitative development of different species of the diatom 
complex varies to some extent with depth, but its general character remains 
essentially the same from 38.7 m to 91.2 m. A similar diatom flora on the 
eastern slope of the Urals and in the West Siberian plain has been placed in 
the Late Eocene. 

The light gray argillites from a depth of 31.8 m (sample 11), 29.0 m 
(sample 10) and 17.7— 24.7 m (sample 9) contain valves of many typical 
Late Eocene species. Usually these are not numerous, but occasionally 
they may be rather abundant (Stephanopyxis punctata Jousé ata 
depth of 31.8 m and Coscinodiscus moelleri var. macroporus 
Grun. at a depth of 29.0 m). Very often, but not in all the samples, this 
stratum contains valves of Pyxilla gracilis Temp. et Forti. A 
similar flora on the eastern slope of the Urals is regarded as transitional 
from the Late Eocene to the Early Oligocene, and is placed in the Late 
Eocene (Krotov and Shibkova, 1961). 
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A usual feature of the complex from the gray, greenish-tinged clays of 
the Chegan suite at depths of 16.5—17.7 m (sample 8) and 16.0 m (sample7) 
is the abundance of Pyxilla gracilis Temp. et Forti and the presence 
of numerous P. cf. asiatica Jousé. Other typical diatoms of this com- 
plex are Coscinodiscus decrescens Grun., C.argus Enhr., 

C. mirabilis Jousé, Stephanopyxis megapora Grun., Bright- 
wellia hyperborea Grun. Sucha flora might be placed with reserve 

in the Late Eocene— Early Oligocene. The literature does not indicate the 
abundant occurrence of Thalassiosira aff. zabelinae Jousé in the 

uppermost sample (depth 16.0 m) and the presence of very rare valves of 

Pinnularia antiqua Tscherem in the 16.5—17.7-m interval. 

Changes in the diatom flora were very gradual during the Middle (7?) 
and Late Eocene, as well as from the Late Eocene to the Early (?) 
Oligocene; the boundaries between the respective floras are arbitrary. 

The silicoflagellate flora of the Middle (?) Eocene is poor, both quanti- 
tatively and qualitatively (Table 13). Of the 7 species, varieties and forms 
of silicoflagellates examined, all are represented very rarely, except for 
Dictyocha frenguelli var. carentis Gleserf.carentis, whichis 
frequent at a depth of 137.3 and 128.7 m, and the rare occurrence of 
Naviculopsis biapiculata (Lemm.) Freng. var. biapiculata at 
a depth of 106.0 m. 

In the Late Eocene, in addition to the forms included in the above Middle 
Eocene flora, a whole series of new silicoflagellates are encountered — 
varieties of Dictyocha deflandrei Freng., D. frenguellii Defl. 
var. frenguellii, D. frenguetlliivar. ecarentis f. incerta'Gleser, 
D. rotund ata Fousé var.*rotundata.D. tr ansitoria pels 
D: dibula Ebr. var. fibwia f.itabuda Sete. 

Some Late Eocene forms become very numerous: D. frenguelli var. 
carentis f.incerta Gleser, D. deflandrei var. completa Gleser 
f.completa, D. rotundata Jousé var. rotundata, D.triacantha 
var. apiculata f. minor Schulz, D.transitoria Defl., and some 
varieties of Naviculopsis biapiculata (Lemm.) Freng. 

These forms are not abundant in all the samples. The composition of 
the silicoflagellate flora changes upward (Figure 2). Thus, from skeletons 
of D. rotundata Jousé var. rotundata begin to appear from a depth 
of 86.7—91.2 m, D. deflandrei var. completa Gleserf. completa 
from 74.5 m, and D. transitoria Defl. from 55.0—60.4 m. Skeletons 
of D. deflandrei var. bicornuta Gleser are first encountered ata 
depth of 31.8 m, and D. obliqua Gleser in the 17.7—24.7 m interval. 

In Late Eocene — Early (?) Oligocene deposits (depth 16.5—17.7 and 
16.0 m), some of these species (D. deflandrei var. bicornuta 
Gleser, D. deflandrei var. completa Gleser f. completa and 
f. producta Gleser, D. rotundata Jousé var. rotundata) occur in 
considerable amounts. Judging from the material from well 130, there 
was no sharp difference in the taxonomic composition of the Late Eocene 
and Late Eocene — Early Oligocene (?) silicoflagellate floras. Nearly all 
the species found in the Late Eocene diatomite stratum are also encountered 
in the uppermost part of the well. Moreover, there are hardly any new 
floral elements in the Late Eocene — Early Oligocene (?) except for very 
rare skeletons of D. fibula var. fibula f. rhombica Schulz and 
Mesocena circulus Ehr. 
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Distribution of silicoflagellate skeletors in rocks of the Irbit and Chegan suites of the Ivdel area (well 130). x 1,000; 


FIGURE 2. 


1—sandstone; 2—sand; 3—clays; 4 —argillite; 5 — gaizelike argillite; 6—marl; 7 —diatomite; 8 —gaize; 9 — brown peat. 


Well isib4 a inroerth voreived en 
Serov suite — Pg} 


0.0—50.4 m Loose, light-weight diatomite, whitish yellow above, light 

gray below, with interlayers of denser diatomite. 
Stratification vaguely horizontal. In some places ferru- 
ginization and rare worm trails. 

50.4—74.0 m Light gray, fine grained, slightly micaceous sandstone 
with sparse grains of glauconite and lenticles and 
interlayers of diatomite reaching a thickness of 40 cm. 
Isolated fish scales, rare carbonized vegetation residue. 
Gradual transition from diatomites to sandstones. 

74.0—82.5 m White, sometimes quite sandy diatomite. Slight ferru- 
ginization; interlayers of sandstone, as described above, 
in some places. 

82.5—98.0 m Gray and bluish gray dense gaize, breaking down into 
unequal, sharp-edged fragments. The gaize is greatly 
enriched in silty and argillaceous material and contains 
rare carbonized plant remains and localized accumula- 
tions of carbonate rocks, rare grains of glauconite. 
Sparse gravel and a considerable amount of pebbles of 
eruptive rocks are located at the bottom of the interval. 


Talitsa suite — Pg, 


98.0—233.0 m Gray laminar argillite, in some places dark gray, with 

monolithic sectors, greasy to the touch, gaizelike toa 
various extent; the argillite breaks down to parallel 
plates with a rough fracture plane. Rare lenticular 
masses of fine gravel and glauconite. Stratification 
vaguely horizontal, in some areas clearly so. Rare 
carbonized vegetation residues. 

233.0—236.0 m_ Light gray to white, greenish gray, in some places 
strongly argillaceous sandstone with interlayers and 
lenticles of green silty clays. Numerous grains of 
glauconite, siderite, gravel and fine pebbles. 


Slavgorod suite — Crs" "oP 


236.0—261.8 m Gray to dark gray, greenish-tinged, greasy, slightly 
micaceous, laminar argillite, breaking down to more or 
less parallel plates with a rough, often knobby fracture 
plane. Sparse scales of mica and carbonized vegetation 
residue on the laminar planes. Stratification of the rocks 
is poorly defined, in some places it is vaguely horizontal. 
Rare imprints of invertebrates. 


A total of 18 samples from well 564 were examined. Algal remains 
were found in samples from the Serov suite from a depth of 4.3 —75.5 m 
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FIGURE 3. Distribution of silicoflagellate skeletons in rocks of the Talitsa and Serov suites of the 


Ivdel' area(well 564). 
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1—sandstone; 2— gaizelike sandstone; 3—clays; 4—argillite; 5—gaizelike argillite; 6 —diatom- 
7—gaize; 8—limestone; 9—loam. 
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and from the 163.0 —234.7 m range in the Talitsa suite; the Slavgorod 
suite samples contain partly dissolved diatom frustules which could not 
be identified (Table 14, Figure 3). 

The flora was most abundant and well preserved at a depth of 172.7 
and 208.0 m in the Talitsa suite. Unidentifiable, semidissolved frustules 
were encountered in varying amounts in the lower parts of the section. 

The diatom frustules were in a particularly poor condition at a depth of 
230.5 and 233.4 m. No evidence of algae was found in the upper part of the 
Talitsa suite (109.6 and 147.7 m); on the other hand, the lower part 

(234.7 m) contained a fairly rich diatom complex. 

The complex of the Talitsa suite of well 564 is characterized by the 
abundance of Stephanopyxis ferox (Grev.) Ralfs, S. turris var. 
intermedia Grun., and in some samples S. lavrenkoi Jousé, 
Trinacria pileolus var. josephina Grun., T. pileolus Ehr. 
var. pileolus, Hemiaulus polycystinorum Grun., H. poly- 
morphus var. frigida Grun., Melosira sulcata var. siberica 
Grun. or var. biseriata Grun., Triceratium weissii Witt., 
Goniothecium odontella Ehr. var. odontella. Analysis of the 
complex and comparison with published data show that the complex is 
qualitatively and quantitatively analogous to the described Early Paleocene 
diatom flora of the eastern slope of the Urals. However, it was impossible 
to distinguish between a lower and an upper complex as established by 
Krotov (1957a) and Krotov and Shibkova (1961). 

As can be seen in Table 14, the silicoflagellate complex of the Talitsa 
suite consists mainly of varieties and forms of Dictyocha triacantha 
Ehr.; other species of the family Dictyochaceae Lemm. are D. archangel - 
skiana (Schulz) Gleser and Mesocena aff. apiculata (Schulz) Defl. 
The family Vallacertaceae Defl. is representedby Vallacerta hortonii 
Hanna, Lyramula furcula Hanna, L. simplex Hanna. The amount 
of silicoflagellate skeletons increases gradually upward in the section. 
Very rare skeletons of 4 varieties have been found at a depth of 219.5 m; 
at a depth of 208.0 m there is a slight increase in the number of skeletons 
of Dictyocha triacantha var. hastata Lemm. and D. triacantha 
var. apiculata f. minor Schulz. At 172.7 m, D. triacantha var. 
hastata Lemm. and D.triacantha var. inermis f. minor Gleser 
become dominant; finally, D. triacantha var. hastata Lemm. and 
D. triacantha var. inermis f. minor Gleser are dominant in the 
uppermost sample containing silicoflagellates. Mesocena aff. apicu- 
lata (Schulz) Defl. is rare. 

Remains of a rich and well preserved diatom flora were found in all the 
samples of the white diatomites of the Serov suite (Table 14). The Serov 
suite samples of well 564 are fairly uniform, despite some slight fluctua- 
tions in the frequency and species composition. The abundance of Melo- 
sira sulcata var. siberica Grun., Stephanopyxis turris var. 86 
intermedia Grun., Triceratium kinkeri A.S., T. mirabile 
Jousé, T. ventriculosum A.S., etc. is reminiscent of the Early 
Eocene flora of the eastern slope of the Urals; on these grounds, the 
flora encountered can be placed in the Early Eocene. However, some 
characteristic features must be mentioned, such as the presence of 
Coscinodiscus sp. (C. aff. moronensis (Grev.) Rattr. as deter- 
mined by Anisimova), C. lineatus Ehr. and Pseudostictodiscus 
angulatus Grun. in the dominant complex. In addition, small amounts 
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of Grunowiella gemmata (Grun.) V.H. occur in the upper part of 
the suite. These features apparently are due to some local ecological fac- 
tors. 

Thus, on the basis of diatom flora, the examined diatomite stratum can 
be placed in the Early Eocene. 

The Early Eocene diatom complex is accompanied by remains of a 
characteristic silicoflagellate flora numbering 12 species, varieties and 
forms, all of the family Dictyochaceae Lemm. Most of these silico- 
flagellates do not occur in the samples from the Talitsa suite. The skeletons 
of Dictyocha lamellifera var. constricta Gleser and D. fibula 
var. fibula f. eocaenica Krotov predominate in all the samples. 
D.lamellifera Gleser var.lamellifera is represented by a 
considerable number of specimens in some samples, while D. navicula 
Ehr. and Naviculopsis robusta Defl. appear in all the samples at 
a low frequency. Very rare skeletons of Dictyocha elongata Gleser 
were found only in the lower part of the suite, and Naviculopsis 
biapiculata (Lemm.) Freng. var. biapiculata appears to be confined 
to the upper part. 

The silicoflagellates occurring in both the Talitsa and Serov suites 
(Dictyocha archangelskiana (Schulz) Gleser, varieties and forms 
of D. triacantha Ehr.) are represented in the Serov suite by isolated 
specimens in some samples only. Only skeletons of D.triacantha Ehr. 
var. triacantha f.triacantha are rare at a depth of 18.0m 
(sample 2). 


Serov area 


Samples of 3 wells (459, 762, 771) were examined from this area west of 
the town of Serov (from the collection of D. V. Osadchei, 1956). 


Well 459 
Quaternary deposits 


0.0—26.0 m Peat overlying fine sand with fragments of decayed wood. 


Irbit suite — Pg3-3 


26.0—45.0 m White, light, very easily soiled diatomite, crumbling into 
irregular fragments, becomes downward more argilla- 
ceous, light gray, denser, heavier and greasy. The 
diatomite splits into parallel plates with an irregular 
plane of fracture. 
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Serov suite — Pg} 


45.0—48.0 m Gray to dark gray gaize, splitting into parallel plates with 
sharp edges, sometimes with a subconchoidal fracture. 
The slightly micaceous rock resounds upon impact and 
merges gradually with underlying light gray, fine- 
grained, firmly cemented sandstone. 


Talitsa suite — Pg, 


48.0—84.2 m Dark gray, micaceous argillite in places slightly gaize- 
like, with pockets and interlayers of a fine siltstone and 
scattered grains of pyrite. Downward the rock becomes 
lighter-colored. 
84.2—153.6 m_ Silty gray argillite with a very slight greenish tinge. 
The argillite is slightly micaceous, greasy, somewhat 
gaizelike with inclusions and interlayers of quartz sand, 
mica and fine plant detritus. 
153.6—153.8 m Fragments of manganese ore. 
153.8—163.0 m Quartzy-glauconitic medium-grained sandstone with 
isolated, rough pebbles overlaying light gray, fine- 
grained sand. 


Eight samples from the Talitsa and Irbit suites of well 459 were 
examined microscopically. The samples from the lower (144.5 m) and 
upper part (79.5, 66.3 and 52.4 m) of the Talitsa suite proved barren; 
algal remains were found only at a depth of 92.5 m. 

Because of the abundance of frustules of Stephanopyxis turris 
var. cylindrus Grun. et var.intermedia Grun., Hemiaulus 
polycystinorum Grun., Trinacria prleolus. Ehr. var.cpifeolus 
et var. josephina Grun. andthepoorer development of Stephanopyxis 
ferox (Grev.) Ralfs and Hemiaulus polymorphus var.frigida 
Grun., the diatom complex of the Talitsa suite (Table 15) resembles the 
lower complex of the Early Paleocene of the eastern slope of the Urals, 
but mainly differs in the greater amount of Coscinodiscus lineatus 
Ehr. 

The sample contains rare specimens of Mesocena aff. apiculata 
(Schulz) Defl., and very rare numbers of Dictyocha triacantha 
Ehr., D. archangelskiana (Schulz) Gleser and Lyramula simplex 
Hanna. 

All three samples examined from the Irbit suite contain abundant and 
well preserved fossils of diatoms and silicoflagellates (Table 15). 
Floristically, the complexes of all 3 samples are very similar; charac- 
teristic of all is the group of forms of Melosira sulcata (Ehr.) Ktz., 
Stephanopyxis turris var.intermedia Grun., S. broschii 
Grun., Coscinodiscus moelleri var. macroporus Grun., 
C.uralensis Jousé, Goniothecium odontella Ehr. var. odon- 
tella, Hemiaulus polymorphus var.frigida Grun. and 
Grunowiella gemmata (Grun.) V.H. (the latter species was not 
found in the deepest sample). A similar diatom flora west of the West 
Siberian plain is placed conditionally in the Middle Eocene. 
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There are 12 species, varieties and forms of silicoflagellates. 
Dictyocha frenguelli var. carentis Gleserf.carentis is 
numerically predominant in 2 samples. While frequent in the upper 
sample, D. triacantha var. hastata Lemm. and D. lamellifera 
Gleser var. lamellifera are rare or very rare in the lower strata. 
Skeletons of D. fibula Ehr. var. fibula f. fibula are frequent at 
a depth of 38.0 m, and rare in the other two samples. All the other forms 
are very rare or rare. Skeletons of D. elongata Gleser, D. triacan- 
tha-var.inermis Lemm.frinermis, Naviculopsis robasta 
Defl., N. biapiculata var. minor (Schulz) Gleser, not found in 
deeper samples, were encountered at 35 m. 

Thus, well 459 reveals the presence of 2 silicoflagellate complexes, 
one from the Middle (?) Eocene, the other from the Early Paleocene. 


Well 762°) Zamaratskii sector 
Irbit suite — Pg3-3 


0.0—9.0 m White diatomite, yellow-tinged with spots of ferrugination, 
light, loose and easily soiled with fine oolites of iron, 
rare quartzy gravel, and silty material in places. 


Serov suite — Pg} 


9.0—35.0 m Light gray, very slightly micaceous, light, easily soiled 

diatomite, loose above with fine silty and sandy material 
of somewhat darker color due to carbonized plant residue. 

35.0—40.2 m__ Light gray (dark gray in some parts), slightly micaceous, 
dense, solid gaize, somewhat heavier than the above 
diatomites, with pockets and laminae of siltstone and fine- 
grained sandy material, with conchoidal fracture. The 
gaize is denser with a large amount of sandy material at 
the bottom of the interval. 


Talitsa suite — Pg, 


40.2—85.0 m Gray, micaceous argillite, in places slightly gaizelike, 
with interlayers and pockets of siltstone and sandy material 
with glauconite. The rock breaks readily into more or less 
parallel plates with an irregular plane of fracture; there 
are laminated argillites in places. Lamination is poorly 
defined. Rare inclusions of quartz gravel, grains of black 
earthy pyrite and large amounts of plant residue are 
encountered. 
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Slavgorod suite — Cr” °P 


85.0—95.2 m Gray argillite with a slight greenish tinge, somewhat 
gaizelike, with siltstone and sand pockets on lamination 
planes; also with fine glauconite grains, plant residue, 
small calcareous tubules, and in some parts numerous 
worm trails. The rock splits into parallel plates with an 
irregular plane of fracture. In the 90.6 —91.2 m interval 
an interlayer of glauconitic rock with quartz gravel is 
encountered. 

95.2—111.5 m Greenish gray, glauconitic-quartzy sands and sandstones 
are underlain by argillaceous rocks with pea iron ore. 


A total of 5 samples from this well were examined. One sample from 
the Slavgorod suite (no. 8, 94.2 m) and 2 samples from the Talitsa suite 
(no. 4, 48.4 m; no. 5, 57.6 m) showed no signs of algae. On the other 
hand, numerous algal remains were encountered in the samples from the 
Irbit and Serov suites (Table 16). 

Characteristic of the Serov suite is the abundance of frustules of 
Melosira sulcata (Ehr.) Ktz. (group of forms), Stephanopyxis 
turrus.var. intermedia Grun., Lriceratium, kinkieri A. Ss 
T. mirabile Jousé, and T.ventriculosum A.S. Frustules of the 
order Mediales appear in considerable amounts in this suite. A similar 
complex from the eastern slope of the Urals was described as Early 
Eocene. 

The silicoflagellate flora consists of 11 species, varieties and forms. 
Most abundant are skeletons of Dictyocha lamellifera Gleser var. 
lamellifera, var. constricta Gleser and var. hastata Gleser. 
The skeletons of D. elongata Gleser and D. fibula var. fibula f. 
eocaenica Krotov appear in smaller amounts. Finally, skeletons of 
Naviculopsis robusta Defl. are rare, and N. biapiculata var. 
minor (Schulz) Gleser, Dictyocha navicula Ehr. and three forms 
of D. triacantha Ehr. very rare. 

The diatom complex of the Irbit suite is characterized by the abundance 
of varieties of Melosira sulcata (Ehr.) Ktz., as well as Stephano- 
pyxis turris var. intermedia Grun., S. edita Jousé, Tricera-= 
tium exornatum Grev., and different species of Coscinodiscus. 
On the basis of these features, this flora can be placed in the Late Eocene. 

Dominant among the silicoflagellates are Dictyocha frenguellii 
var.carentis Gleserf.carentis, D.triacantha var. apiculata 
f. minor Schulz., D. rotundata Jousé var. rotundata, Navicu- 
lopsis biapiculata (Lemm.) Freng. var. biapiculata et var. 
minor (Schulz) Gleser; other species appear insmalleramounts. Table 16 
shows that the Late Eocene silicoflagellate complex differs sharply from 
the more ancient complex of the Early Eocene. 


Well (rl, Gamararski11 "secror 


0.0—15,0 m. . Ne.core: 
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Irbit suite — Pg?-9 


15.0—15.8 m White diatomite, yellow-tinged, slightly micaceous, 
dense and heavy, with fine siltstone. At top of the stratum 
sparse quartzy gravel, rolled or partly so, is encountered. 
Contains large amounts of plant residue. 


Serov suite — Pg} 


15.8 —64.1 m Light gray diatomite, lighter-colored below, slightly 
micaceous with small, very rare spots of ferruginization, 
and denser above. Thin lenticles and sparse interlayers of 
silty-sandy material are encountered, containing mica and 
plant residue whose concentration increases downward. 
Sparse quartzy gravel occurs throughout the rock. 

64.1—73.1 m Light gray, micaceous, dense gaize, heavier than the 
above diatomites, solid and resounding on impact, breaks 
down into sharp-edged irregular fragments. Contains 

-numerous lenticles and pockets of a micaceous sandy 
material, which decreases appreciably downward. Areas 
of ferruginization around pyrite nodules. 

At the end of the stratum, there are oolitic inclusions 
of dark gray argillite, fine and sparse accumulations of 
glauconite and a large amount of fine, carbonized plant 
remains. 


Talitsa suite — Pg, 


73.1—98.0 m Core extensively destroyed. Dark gray, micaceous 
argillite with numerous lenticular interlayers of siltstone 
and fine-grained, micaceous-quartzy glauconitic sand. 
Fine, carbonized plant residue is encountered. Fragments 
of sideritized argillite are found at depths of 92.1, 92.8 and 
and 95.1 m. Poor lamination. 

98.0—114.5 m Core markedly destroyed in some places. Silty, light 
gray, micaceous argillite, in places somewhat gaizelike, 
dense; on planes of lamination there are fine siltstone and 
sparse, carbonized plant residue. The rock breaks into 
parallel plates with an irregular plane of fracture. 


86 Slavgorod suite — Cr"? 


114.5—119.0 m_ Dark gray and gray argillite, in places gaizelike, inter- 
bedded with greenish gray glauconitic sandstone resemb- 
ling Santonian sandstone. The rock is fairly solid and 
monolithic; a 30-cm-thick interlayer of gray sandstone 
with a slight greenish tinge lies at the bottom of the 
interval. 
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119.0—121.3 m Gray argillaceous siltstone, in places slightly gaizelike 
(possibly a diatomaceous siltstone), with laminae and 
thin lenticles of white clay; there are sparse masses of 
sandy material with mica and glauconite, and sparse 
carbonized plant residue. The rock breaks at angles up 
to: 20°. 

121.3—128.7 m_ Dark gray siltstones with a considerable amount of 
argillaceous, silicified material. The siltstones pass 
into black argillaceous gaizes with a large amount of 
relatively regular lenticles of glauconite. In some places 
the glauconite spreads all over the rock. Lamination of 
the rocks is obscure. The rock breaks into parallel 
plates at an angle of 25— 30°. This zone is underlain by 
conglomerates composed of pebbles of eruptive rocks 
cemented by a brownish gray argillaceous mass and 
interbedded with gray and brownish gray coarse or mixed 
sandstone with glauconite. 


Four core samples of well 771 were examined microscopically (Table 17). 
Algal remains were found in the samples from the Slavgorod suite (no. 8, 
120.6 m), the Serov suite (no. 2, 31.2 m) and the Irbit suite (no. 1, 15.5 m). 
No algae were detected in material from the Talitsa suite (no. 4, 77.0 m). 

Numerous diatom frustules and silicoflagellate skeletons were encoun- 
tered in the gray, gaizelike argillites of the Slavgorod suite. The dominat- 
ing diatoms are Stephanopyxis schulzii Steinvar. schulzii et 
var.cretacea Jousé, Hemiaulus asymmetricus Jousé, H. 
polycystinorum var. brevicornis Jousé, Trinacria anis- 
simovae Jousé and other characteristic species of the Santonian- 
Campanian of the eastern slope of the Urals. 

The silicoflagellates, represented by very rare or rare specimens, 
belong to only 4 species of the families Vallacertaceae Defl. and Cornuaceae 
Gem. (Table 17). 

-The gray diatomite of the Serov suite contains species constituting the 
dominant complex of the Early Eocene of the eastern slope of the Urals 
(Stephanopyxis turris var.intermedia Grun., Triceratium 
kinkeri: A: S., *T. mirabile:Jousé,(T..ventriculosum A, S.,, and 
Grunowiella gemmata (Grun.) V.H.). 

The abundance of Coscinodiscus lineatus Ehr., Trochosira 
spinosa Kitt. and Hemiaulus elegans (Heib.) Grun. does not 
contradict the conclusion that the flora belongs to the Early Eocene. 

The diatom complex closely resembles that of the Serov suite in 
well 564. 

There are 8 species, varieties and forms of silicoflagellates. 

Most abundant are the skeletons of Dictyocha lamellifera Gleser 
var. lamellifera et var. constricta Gleser; those of var. hastata 
Gleser and D. elongata Gleser appear in smaller quantities. D. fibula 
var. fibula f.eocaenica Krotov and Naviculopsis robusta Defl. 
are encountered rarely. 

Characteristic of the complex of the Irbit suite is the abundance of 
varieties of Melosira sulcata (Ehr.) Ktz., the presence of large 
numbers of Stephanopyxis edita Jousé, and the great diversity and 
quantitative abundance of Coscinodiscus species (Table 17). 
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On the basis of these features, the above diatom complex can be related 
to the Late Eocene flora occupying a large part of the eastern slope of the 
Urals and the West Siberian plain. 

Only 5 silicoflagellate species, varieties and forms have been found 
together with the Late Eocene diatom complex. Most of the skeletons are 
of Dictyocha frenguellii-var..carentis Gleserf.carentis and 
Naviculopsis biapiculata var. minor (Schulz) Gleser; other 
species are represented by fewer specimens (Table 17). Like the diatoms, 
the silicoflagellates of this well form 3 sharply defined complexes: 
Santonian-Campanian, Early Eocene and Late Eocene. 


Verkhotur'e [Upper Tura River] area 


Well 13 


Slavgorod suite — Cr," “°P 


Toadepthof24.5m Siderite and dense, compact glauconitic-quartzy 
sandstones. 

24.5 — 26.5 m White diatomite is more silty and loose at the beginning 
of the stratum thanbelow. Therock is somewhat greasy 
to the touch and sticks to the tongue. Inclusions of fine 
scales of muscovite are observed. There are light 
gray, solid, light, "resounding" gaizes at the bottom 
of the stratum. 


Four samples of white diatomite were examined from this well. The 
material was collected at short intervals from 24.9—26.0 m (Table 18). 

All the samples revealed a qualitatively and quantitatively modest diatom 
flora. Only Stephanopyxis schulzii Stein. var. schulzii et var. 
cretacea Jousé could be characterized as abundant. The remaining 
species, even those characteristic for the flora, were represented by a 
limited number of specimens. Nevertheless, the presence of S. schulzii 
Stein., Melosira cretacea Jousé, Stephanopyxis antiquus 
Jousé, Coscinodiscus dissonus Schulz, Poretzkia mirabilis 
Jousé, Pyxilla cretacea Jousé and other characteristic elements of 
the Santonian-Campanian of the eastern slope of the Urals indicates that 
this complex is also Santonian- Campanian. 

Silicoflagellate skeletons, belonging to a total of 9 species, varieties 
and forms of 4 genera and 3 families, were found in all samples. 

The family Dictyochaceae is represented by Dictyocha triacantha 
Ehr. var. apiculata Lemm.f.apiculata andvar.inermis Lemm. 
f.inermis, appearing very rarely and in some samples only. Most of 
the silicoflagellates are of the families Vallacertaceae Defl. and Cornuaceae 
Gem. Vallacerta tumidula Gleser and Lyramula furcula Hanna 
are most widespread, being found throughout the diatomite layer in con- 
siderable amounts. Skeletons of Cornua trifurcata Schulz were 
found in all samples except no. 1, and are more abundant in the lower part 
of the stratum. 
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The complexes are qualitatively and quantitatively quite similar. 
Although no. 2 shows a somewhat different assortment of species, these 
are quantitatively insignificant and do not affect the general nature of 
the flora. 


Area of Makhnevo village 


Samples from wells 85, 90, 528, 547, 567, 1479, 1481, 1482 and 1503 
were examined. Algal remains were detected in some wells only. 


Wet S00 Kokugekii sector, siowth of Makhnieyo 
Quaternary deposits 


0.0—11.0 m Grayish brown loams. 


Talitsa suite — Pg, 


11.0—25.0 m Gray, sometimes slightly greenish, silty slightly 
micaceous argillite, in some parts gaizelike, with 
laminae and lenticles of a sandy siltstone with glauconite 
and mica scales containing worm trails, sparse, fine 
calcareous tubules, fish scales and pyritized plant remains. 
The rock breaks down to parallel plates with an irregular 
plane of fracture. Lamination is horizontal and poorly 
defined. 


Slavgorod suite — Cr;" “"°P 


25.0.—36.0 m, Light gray and gray, greenish-tinged, silty, very slightly 
micaceous argillite, in places with a considerable concen- 
tration of worm trails and interlayers of very slightly 
gaizelike siltstone containing numerous grains of glauconite 
and fine grains of quartz. Fine, pyritized tubules were _ 
encountered. The siltstone interlayers are up to 0.5 m 
thick and contain fish scales, carbonized plant detritus 
and pyritized remains of herbaceous plants. 

36.0—39.5 m Gray, greenish-tinged, fine-grained, glauconitic-quartzy 
sandstone. 


A total of 8 samples from this well were examined. Four samples from 
the Slavgorod suite (no. 5, 25.2 m; no. 5a, 28.5 m; no. 5b, 31.3 m; no. 8, 
37.8 m) and 3 samples from the Talitsa suite (no. 2, 16.5 m; no. 3, 20.3 m; 
no. 4a, 24.5 m) showed no algal remains. 
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Algal remains were found in the upper part of the Talitsa suite ata 
depth of 12.0 m (no. 1), which contains a poorly preserved diatom flora 
consisting of the following forms: 


Quantitative 
evaluation 


Melosivra sulcata var: siberica Grun,. . 7a as 
Stephagopyxis ferogeerer.) Ralfa. & 5 oe see aa 
S. T#Eris “vari inter wmetia Gruns~ 5s (ee fa A 
Hemiaults® poly cystminmor wm "Gruner shee: : 
Trinacria pileolme*bir.var. pileelus 7445. . ie 
Tt. Pp. Vals JOPCP Ree Barun... be te Sh Be BR tes, ws 
Hemiaulus polymorphus var. frigida Grun. 


RRR PB PR Ww 


“ll these forms are characteristic of the Early Paleocene of the eastern 
slope of the Urals. 
_ The silicoflagellate fauna consisted of 3 varieties and forms of Dictyo- 
eha triaecantha Ehr., of which var. inermis ‘tf. minor ‘Gleser and 
var. hastata Lemm. were especially numerous. 


Well 547; Vinokurovskii Sector; 
Makhnevo village 


Quaternary deposits 


0.0—10.0 m Grayish brown loams. 


Serov suite — Pg} 


10.0—20.0 m Light gray, firm gaize splits into sharp-edged, irregular 
fragments. 


Talitsa suite — Pg, 


20.0—30.0 m Core extensively destroyed. Gray to light gray, vaguely 
fine-layered, gaizelike siltstone, breaking into foliated 
units, contains sparse, fine scales of mica. 

30.0—50.8 m Gray, light argillite with a large amount of siltstone, fine 
plant detritus and mica. Lamination is fine, horizontal. 
The rock breaks down to parallel laminae. 

50.8 — 55.0 m Light gray, slightly greenish-tinged, somewhat gaizelike 
diatomite with siltstone mica, fine plant residue, car- 
bonized plant remains and numerous worm trails. 

55.0—56.0 m Light gray, very firm gaize with a small amount of silt- 
stone, fine plant detritus and carbonized remains of 
herbaceous plants; worm trails occur. The rock breaks 
into irregular, sharp-edged fragments. 
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92 56.0—60.0m__ Light gray, argillaceous diatomite with a small amount of 
siltstone, sparse worm trails; the underlying rock is more 
solid, silty, and gradually passes into sandstone with 
interlayers of looser silty diatomite. 

60.0—67.2 m Light gray, fine-grained, moreor less argillaceous, firmly 
cemented sandstone with mica scales, glauconite grains, 
pyritized plant debris, isolated worm trails and fish scales. 
At 65.2 m there is an interlayer of glauconitic-quartzy 
sandstone with sparse quartzy gravel and fish scales. 

67.2—74.5 m Light gray, sometimes slightly greenish, argillaceous 
siltstone with mica scales and a large amount of partly 
rolled quartz gravel with sparse plant detritus and worm 
trails in places. 


Slavgorod suite — Cr," “°P 


74.5—79.0 m Light gray, somewhat greenish-tinged argillite with 
pyritized remains of herbaceous plants and rare fish 
scales; there are "prisypki'' of micaceous and silty 
material on the planes of fractures. Lamination is clearly 
horizontal. 


A total of 12 samples from this well were examined (Table 19). The 
material from the Slavgorod suite contained only partially dissolved 
fragments of Gladius sp., but no traces of silicoflagellates. Well 
preserved diatom frustules and silicoflagellate skeletons were found in 
3 samples from the Talitsa suite (no. +17, 59.9 m; no. 10, 5038;m;) HO. 3, 
33.0 m). The intermediate zones (36.83 m, no. 7; 38.4 m, no. 9; 53.8 m, 
no. 12; 57.4 m, no. 14, and 58.9 m, no. 16) contain very poorly preserved 
diatom frustules and no silicoflagellate skeletons. 

The above samples (nos. 3, 10, 17) showed an almost identical diatom 
flora with differences mostly of a quantitative nature. Stephanopyxis 
turris var. cylindrus Grun. et var. intermedia Grun., Coscino- 
discus lineatus Ehr., Triceratium heibergii Grun. and 
Hemiaulus polycystinorum Grun. are abundant everywhere. The 
density of the following forms decreased rather sharply upward in the 
section: Stephanopyxis lavrenkoi Jousé, S.ferox (Grev.) Ralfs, 
Hemiaulus ambiguus Grun., Trinacria pileolus var. jose- 
phina Grun., T. regina Heib. var. regina etvar.obtusa Witt. 

On the other hand, the density of Hemiaulus polymorphus var. 
frigida Grun. increased upward. In addition, valves of several species 
of the order Mediales — Sceptroneis wittii Jousé, Grunowiella 
palaeocenica Jousé — were very abundant in the upper layer at a depth 
of 33.0 m. 

This diatom flora can be placed in the Early Paleocene on the basis of 
the similarity to the corresponding diatom flora of the eastern slope of the 
Urals. Since the complexes in all 3 layers combine features of the upper 
(abundance of Triceratium heibergii Grun.) and lower complexes 
(abundance of Hemiaulus polycystinorum Grun.) it is not certain 
to which complex they belong. Another characteristic aspect of the complex 
are the abundant frustules of Coscinodiscus lineatus Ehr. 
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A fairly uniform silicoflagellate flora accompanies the Early Paleocene 
diatoms. Only 4 species were found — Dictyocha triacantha Ehr., 
D. archangelskiana (Schulz) Gleser, D. furcata Jousé, Mesocena 
aff. apiculata (Schulz) Defl. The first species was represented by 6 
varieties and forms. The samples showed an algal flora of roughly uniform 
composition, although the numbers of skeletons increased upward in the 
section. This was most pronounced in Dictyocha triacantha var. 
hastata Lemm. In addition, the number of skeletons of D.triacantha 
var.inermis Lemm. f.inermis increased from very rare to frequent, 
and there was a Slight increase in the density of D. triacantha var. 
apiculata f. minor Schulz and D. triacantha Ehr. var.triacantha 
Ftriacantha: 


Well 1482, north of Makhnevo in the 
Tura—Tagil interfluve 


Quaternary deposits 


0.0—14.7 m Yellowish gray sands interbedded with dark brown loams 
and fine-grained, dark, grayish green sandstone. Some 
horizons contain quartz gravel and well-rolled pebbles of 
gray, heavy gaizes. 


Talitsa suite — Pg, 


14.7—52.9 m Gray and light gray, micaceous in places, silty, slightly 
gaizelike argillites with glauconite grains, individual 
fish scales and small fragments of calcareous shells. 
52.9—53.6 m Quartzy-glauconitic, strongly argillaceous, firmly 
cemented sandstone with lenticles of quartzy siltstone and 
glauconite; quartz gravel and inclusions of eroded 
carbonate rocks, and sparse fish scales are encountered. 


Slavgorod suite — Cr," *"°P 


53.6 —61.1 m Light gray with distinct greenish tinge, gaizelike, greasy 
argillite breaking down into parallel plates; pyritized 
remains of herbaceous plants and small, dark concretions 
occur. Argillites contain more siltstone lenticles with 
glauconite grains and worm trails at bottom of stratum. 

61.1—6451 mi Fine-grained, quartzy-glauconitic sandstone. 

64.1—66.7 m Light gray with slightly greenish tinge, micaceous, 
argillaceous siltstone with vague, finely undulated lamina- 
tion and containing fish scales, sparse plant detritus, 
isolated fine fragments of calcareous shells, and small 
lenticles of a quartzy-glauconitic material. 
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66.7—68.2 m Dark gray with greenish tinge, very solid, monolithic, 
heavy, micaceous argillite containing a large amount of 
glauconite, small lenticles of light-colored siltstone with 
glauconite, and an interlayer of fine-grained, quartzy- 
glauconitic sandstone at a depth of 67.1—68.2 m. 

68.2 —72.3 m Dark, greenish gray, quartzy-glauconitic sandstone. 

72.3—90.1 m Weakly cemented, light gray, argillaceous, micaceous 
siltstone with quartz gravel and single fragments of 
mollusk shells underlain by a weathered crust. 


From this well 13 core samples were examined (Table 20). Twosamples 
from the Slavgorod suite (no. 14, 55.0 m; no. 14e, 59.5 m) contain diatom 
frustules in a very poor condition; no algal traces were found in the re- 
maining samples. On the other hand, there were numerous and well- 
preserved algal remains in the rocks of the Talitsa suite at a depth of 
34.8 m (no. 10c), 37.4 m (no. 11b), 40.2 m (no. 1le) and 43.3 m (no. 11g). 

Table 20 shows that the characteristic complexes here consist of Early 
Paleocene species typical for the eastern slope of the Urals. All the samples 
(except 10a) contain numerous specimens of Trinacria pileolus Ehr. 
var. pileolus orvar. josephina Grun., Hemiaulus polycysti- 
norum Grun., but are poor or lacking in Hemiaulus polymorphus 
var. frigida Grun. These features are reminiscent of the lower complex 
of the Early Paleocene. However, the lowermost sample (no. 1lg, 43.3 m) 
is richin Stephanopyxis ferox (Grev.) Ralfs and Triceratium 
heibergii Grun. and also contains a relatively large amount of Ste - 
phanopyxis lavrenkoi Jousé and Triceratium weissii Grun. 
Such a proliferation of these species is characteristic of the upper complex 

100 of the Early Paleocene. On these grounds, the encountered diatom complex 
can be placed in the Early Paleocene. Among the dominant forms is 
Coscinodiscus lineatus Ehr. Also noteworthy is the comparative 
abundance of Triceratium ventriculosum A.S., which according 
to Krotov, is also characteristic of the Early Eocene. 

Table 20 shows that silicoflagellates are most abundant and diverse in 
samples containing a rich diatom flora. Varieties and forms of Dictyocha 
triacantha Ehr. predominate qualitatively and quantitatively, especially 
D.triacantha var.inermis f. minor Gleser and D.triacantha 
var. hastata Lemm. The density of the latter variety increases upward 
in the section. D. triacantha var. apiculata f. minor Schulz, 
D.triacantha var.inermis Lemm.f.inermis and Mesocena 
aff. apiculata (Schulz) Defl. are more abundant below. The numbers 
of Dictyocha archangelskiana (Schulz) Gleser increase upward 
from very rare to frequent, and then decline to very rare. All samples 
contain small amounts of D. triacantha var. apiculata Lemm. f. 
apiculata, and isolated skeletons of Lyramula furcula Hanna and 
Vallacerta hortonii Hanna occur in the two lower samples. 
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Well 1503, Yukonskii sector, Tura—Tagil 
interfluve, west of well 1482 (from the 
collection.of V..5.Penzgner,. 19/53) 


Quaternary deposits 


0.0 — 3.4 Grayish brown-brown, sandy loam with numerous frag- 
ments of eroded gaize underlain by sandy loam. 


Serov suite — Pg} 


3.5—13.2 m Light gray to gray, solid, lightweight gaize with rough, 
subconchoidal fracture, micaceous in places. 


Talitsa suite — Pg, 


13.2—17.5— Muddy gray, silty argillite with laminar accumulations 
24.0 m of siltstone with mica; lower the argillites are lighter 

colored and poorer in siltstone, in places slightly gaize- 
like (probably diatomaceous argillites). Core is inter- 
rupted. 

24.0—26.5 m Diatomaceous, silty, gray (when moist), micaceous, light 
clay. At end of stratum there are laminae of light gray, 
micaceous siltstone containing grains of glauconite under- 
lain by an interlayer of glauconitic-quartzy, light gray, 
slightly cemented, micaceous sandstone. Lamination is 
horizontal, vaguely horizontal in the diatomaceous clays. 

26:5— 31.0 m Typical Paleocene muddy gray and dark gray, finely 
foliated, silty, micaceous clays with laminae of diatoma- 
ceous clays analogous to those described above. 

31.0—48.0 m Gray, diatomitelike argillite splits into smooth plates. At 
43.3 m occurs an interlayer of fine-grained, glauconitic 
sandstone. Siltstone witha large amount of mica and single 
grains of glauconite occurs on the planes of lamination. 

48.0—51.0 m Fine-grained and varied, glauconitic, micaceous, mono- 


lithic sandstone, in places pierced uninterruptedly by dark 


gray, argillaceous substance. Lamination is vague. 
51.0—63.5 m Gray, muddy gray, micaceous, dense argillite often with 

accumulation of silty matter with mica and glauconite on 

the planes of lamination, which are vaguely horizontal. 


Remains of herbaceous plants are encountered. Downward 
the rocks become richer in sandy and glauconitic material. 


Slavgorod suite — Cr," *"°P 


63.5—65.8 m Light gray with very slight greenish tinge, argillaceous, 
micaceous diatomite with inclusions of silty matter con- 
taining glauconite. The rock contains fish teeth, pyritized 
and carbonized remains of herbaceous plants; the rock is 
easily soiled and indistinctly laminated. 
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65.8—69.0 m Gray to dark gray, firm, dense, micaceous, silty gaize 
with frequent accumulations of sandy-glauconitic and 
quartzy material with sparse quartz gravel. 

69.0—77.5 m Fine-grained, gray to light gray micaceous-quartzy sand- 
stone with glauconite and only moderately cemented and 
vaguely laminated. This stratum is underlain by variously 
colored kaolin clays of the Lower Cretaceous. 


Three samples from well 1503 (no. 15, 64.0 m, Slavgorod suite; no. 5, 
25.5 m, and no. 9, 40.0 m, Talitsa suite) were examined. 

Only rocks of the Talitsa suite contain diatom and silicoflagellate 
remains. 

The diatom complexes of the lower and middle parts of the Talitsa suite 
are quite similar (Table 21) and differ mainly in the numbers of individual 
species. For example, frustules of Stephanopyxis ferox (Grev.) 
Ralfs, S.lavrenkoi Jousé, Triceratium weissi Grun. and 
Trinacria pileolus Ehr. var. pileolus are less numerous in the 
upper sample where T. regina var. obtusa Witt. is more abundant. 

This complex is analogous to the Early Paleocene flora of the eastern 
slope of the Urals, which resembles the older complex in poor development 
of silicoflagellates and lack of Hemiaulus polymorphus var. 
frigida Grun. and Triceratium heibergii Grun., and the younger 
complex in the high development of Stephanopyxis lavrenkoi Jousé, 
and S. ferox (Grev.) Ralfs, and the low density of Trinacria pileolus 
Ehr. var. pileolus. 

Both samples show a similar, fairly uniform and quantitatively modest 
silicoflagellate flora (Table 21). 

The genus Dictyocha triacantha Ehr. is represented by 4 
varieties; there are also isolated skeletons of Vallacerta hortonii 
Hanna, Dictyocha archangelskiana (Schulz) Gleser, D.furcata 
Jousé and Mesocena aff. apiculata (Schulz) Defl. : 


Basin of the Bol'shoi Aktai 


The silicoflagellates of this basin were examined in preparation 21 of 
the dried diatom collection of MGU. This diatom complex has been placed 
in the Upper Cretaceous. Judging from the species composition designated 
on the tag of the preparation (Table 22), this complex is analogous to the 
Santonian-Campanian of the eastern slope of the Urals. 

The silicoflagellate flora is relatively varied and abundant. Lyramula 
furcula Hanna and 2 species of Vallacerta Hanna — V. hortonii 
Hanna and V. simplex Jousé — appear in considerable amounts; Cornua 
trifurcata Schulz is frequent. Dictyochaceae are represented by only 
2 forms — Dictyocha triacantha var. apiculata Lemm. f. 
apiculata andf. late-radiata Schulz — whose skeletons occur in 
small amounts. 

In the basin of the Poludennyi Aktai, Belaya Rechka village (preparation 
no. 45 of the dried diatom collection of MGU) the Upper Cretaceous 
(Santonian-Campanian) diatom complex is accompanied by 5 silicoflagellate 
species (Table 22) of which 4 species belong to the families Vallacertaceae 
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Defl. and Cornuaceae Gem. and one species to Dictyochaceae Lemm. All 
the silicoflagellates appear in limited numbers. 


Alapaevsk area 


Core samples from a number of wells (31, 36, 73, 130) bored north of 
the town of Alapaevsk were examined. Algal remains were found only in 
the core of well 31. Of two samples from the diatomite layer of the Serov 
suite analyzed (no. 4d, 7.5 m; no. 4, 6 m), only the latter contained algal 
remains (Table 23). Mass development of forms of Melosira sulcata 
(Ehr.) Ktz. and the very frequent occurrence of Anaulus weyprechtii 
Grun. and Eunotogramma weissii Ehr. indicate that this complex 
is analogous to the Early Eocene flora of the Lower Ob. 

Together with remains of the Early Eocene diatom flora a relatively 
varied silicoflagellate complex of 12 species, varieties and forms of the 
family Dictyochaceae Lemm. was encountered. Dictyocha fibula var. 
fibula f. eocaenica Krotov and 2 varieties of D. lamellifera 
Gleser are dominant; D. deflandrei Freng. var. deflandrei, 

D. elongata Gleser and Naviculopsis robusta Defl. are rare, 
and the remaining species very rare. 


Koptelovo area 
Cores from 2 wells (232 and 255) situated north of the town of Koptelovo 


(from the collection of V.S. Pevzner, 1958) were examined; only one of 
these (255) showed evidence of fossil algae. 


Well 255 
Quaternary deposits 
0.0—8.6 m Brown and gray clays and loams overlie the eroded 
surface of light gray siltstones. 
Irbit suite — Pg3-3 
8.6—10.0 m Silty, weathered, gray to light gray diatomite; grains of 
quartz and glauconite are encountered. 
Serov suite — Pg} 
10.0—11.5 m Gray to dark gray, firm gaize with numerous nodules and 
pebbles of black phosphorites with accumulations of sandy 


and gravelly glauconitic material. The weathered crust 
begins at a depth of 11.5 m. 
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Two samples of the Irbit suite diatomite from the 8.6 —10.0 m interval 
(no. 1 — upper; no. la — lower sample) were examined. Remains of diatoms 
and silicoflagellates were found in both samples (Table 24), but are more 
numerous and better preserved in the upper sample. Very numerous are 
Melosira sulcata var. siberica Grun., Stephanopyxis turris 
Var. intermetdra Grun., Coscinodiscus moelleri vari m aero. 
porus Grun., Hemiaulus polymorphus var. frigida Grun. et 
var. morsianus Grun. and Goniothecium odontella Ehr. var. 
odontella; however, most of the species are represented by isolated 
or rare specimens. Such a systematic composition of diatom flora 
indicates an Eocene age, although an exact determination is difficult. 

In the other sample (no. la), only Melosira sulcata (Ehr.) Ktz. 
(group of forms) and Hyalodiscus sp. (umbilicus) are encountered 
in large numbers; the few other species are represented by single 
specimens. 

The silicoflagellates are also more abundant and diverse at a depth of 
8.6 m. Of the 9 species, varieties and forms, Dictyocha lamellifera 
Gleser var. lamellifera and Naviculopsis biapiculata (Lemm.) 
Freng. var. biapiculata are abundant. Other forms — N. biapiculata 
var. minor (Schulz) Gleser, Dictyocha elata Gleser var. elata and 
D.ftrenguellii var: .carentis Gleserf..carentis —.occur rarely, 
and the remaining 4 forms very rarely. In the lower sample there are 
isolated skeletons of 3 forms appearing at higher density in the upper 
sample. 


Kurgan Region 

Weil 2; Ust"-Uiskee village, Duyvyanius 
profile (from the collection of 

Vp: "Pevenery 19 53) 

Quaternary deposits 


0:0 —8.5-m Fragments of diatomites and gaizes with quartz gravel. 


Chegan suite — Pg3— Pg} 


8.5—49.5 m Sandy clays, often similar to diatomaceous clays. 


Lyulimvor suite — Pg}~3 
49.5—132.0 m_ Tripoli (diatomites?) with siltstone containing diatoma- 


ceous material above and diatomaceous, often sandy 
gaize below 107.5 m. 
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Talitsa suite — Pg, 


132.0—139.0 m_ Silty, muddy gray clays. 


Gan'kino suite — Crj” 


139.0—208.0 m Mealy, light gray to white, dense marl. 


Slavgorod suite — Cr," "°P 


208.0—263.7 m Argillite — gaizelike, rarely tripolilike; argillite; 
glauconitic sandstone at bottom. 


Microscopic examination of a sample from the Lyulimvor suite (99.0 m) 
revealed algal remains in a rather poor condition (Table 25). 

There were numerous frustules of Melosira ornata Grun., 
Stephanopyxis turris var. intermedia Grun. and Pseudo- 
pyxilla russica (Pant.) Forti. The presence of some species of 
Coscinodiscus, although in limited numbers, together with the occur- 
rence of isolated valves of Melosira polaris Grun., Stephanopyxis 
marginata Grun. and Pyxilla gracilis Temp. et Forti indicate that 
this complex belongs to the Late Eocene. 

The silicoflagellates are not numerous ( 8 species, varieties and forms). 
Most abundant are varieties of Naviculopsis biapiculata (Lemm.) 
Freng.; there are rare skeletons of Dictyocha frenguellii var. 
carentis Gleser f.carentis and very rare ones of D. rotundata 
Jousé var. rotundata, D. fibula Ehr. var. fibula f. fibula and 
2 forms of D. triacantha Ehr. 


Thus, the following silicoflagellate complexes can be distinguished on 
the eastern slope of the Urals and Transurals: Santonian-Campanian, 
Early Paleocene, Early Eocene, Middle Eocene (?), Late Eocene, Late 
Eocene — Early Oligocene(?), and Early Oligocene (?). 


West Siberian plain 
Southern part of Taz Peninsula 
(from the collection of F. A. Alyavdin) 
Interfluive of the Verkhnyaya and 
Srednyaya Khadyta 
Point 201 
Two samples of clay were examined. Both contained diatom and silico- 


flagellate remains (Table 26). In view of the abundance of Coscinodis- 
cus uralensis Jousé andC. moelleri var.macroporus Grun. 
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and the absence of other species of Coscinodiscus, the complex 

found in sample 1 can be placed in the Middle(?) Eocene. Very few 
silicoflagellates are encountered here: there were only 3 isolated forms — 
Drctyocha triacantiha hr. yar. triacantha f. triacant he, 

D. irenguelliil var. carentis Gleserf. carentis, and Naviculop- 
sis biapiculata (Lemm.) Freng. var. biapiculata. 

The diatom complex of sample 2 is of a different character. The 
abundance of Anaulus weyprechtii Grun. and occurrence of single 
frustules of Coscinodiscus uralensis Jouse makes it comparable 
to the Early Eocene flora of the Lower Ob. However, the complex does 
not include Triceratium mirabile Jousé —a highly characteristic 
Early Eocene species known from the contemporaneous deposits of the 
Lower Ob area and the eastern slope of the Urals. 

The silicoflagellate flora of the second sample consists of Dictyocha 
lamellifera Gleser var. lamellifera (rare), 2 varieties of D. 
triacantha Ehr. and Naviculopsis biapiculata (Lemm.) Freng. 
var. biapiculata (very rare). 


Basin of the Srednyaya Khadyta River 
Point 203 


One sample was examined from the middle part of a 30-m layer of 
Paleogene clays underlying Quaternary sands and loams. Numerous, 
well preserved algal remains were found (Table 26), including considerable 
numbers of varieties of Melosira sulcata (Ehr.) Ktz. and Stephano- 
pyxis turris (Grev. et Arn.) Ralfs,as well as Coscinodiscus 
argue Ehr.C.polyactics, A.Cls and Pyxilla ipracilis Demp;..et 
Forti. This complex, led by T. gracilis Temp. et Forti, can be placed 
with reservation in the Late Eocene—Early Oligocene. Stratigraphically, 
the complex occupies the lower part of the Chegan suite. 

There are only 5 silicoflagellate species with 7 varieties and forms. 
Dictyocha rotundata Jousé var. rotundata dominates the complex, 
although D. rotundata var. secta Gleser and D.transitoria Defl. 
are also represented by a considerable number of specimens. The remain- 
ing silicoflagellates occurred as rare specimens. 


Point 205 


Examination of a sample of Paleogene clays from a 4-m outcrop 
revealed a diatom complex analogous to that of sample 1 (Table 26) from 
the interfluve of the Srednyaya and Verkhnyaya Khadyta rivers (point 201), 
and can likewise be placed conditionally in the Middle Eocene. 

The silicoflagellate flora consists of 4 species with 6 varieties and 
forms. Two forms belonged to Dictyocha triacantha Ehr, 2 
varieties to Naviculopsis biapiculata (Lemm.) Freng. All the 
silicoflagellates are very rare, except Dictyocha lamellifera 
Gleser var. lamellifera whichis rare. 
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Guli of ‘Ob coast. the: Vere Dank’ ot (the 
Srednyaya Khadyta 


Point 335 


A sample of Paleogene clays from the lower part of an outcrop beneath 
Quaternary deposits was examined. The clays are dense, coarse- 
fragmented, yellowish gray, greenish when dry and bluish when moist. 

The abundance of valves of Melosira sulcata (Ehr.) Ktz. (group 
of forms), Coscinodiscus payeri Grun. var. payeri et var. 
subrepleta Grun., C. radiatus Ehr., andGrunowiella gemmata 
(Grun.) V.H. indicates that the complex belongs to the Late Eocene. 

Dictyocha rotundata Jousévar. rotundata and D. frenguellii 
var.carentis f. incerta Gleser predominate among the silicoflagellates; 
the remaining species and forms of Dictyocha Ehr. and Naviculopsis 
(Lemm.) are very rare or rare (Table 26). 


To sum up, the diatoms of the Early, Middle (?) and Late Eocene and 
Late Eocene — Early Oligocene (?) of the southwestern part of the Taz 
peninsula and the interfluve of the Verkhnyaya and Srednyaya Khadyta 
are accompanied by silicoflagellate complexes of the same ages. 


Basin Jof tine Kinabinruttia Hives 


One sample (no. 6 from outcrop 31) of brown sandy clays alternating 
with thin sandy interlayers was examined microscopically. The sample 
came from the middle reaches of the river. Upon drying the clays become 
light-colored and split into separate plates. The clays form a dome on 
the scarp of the original bank and sink below the waterline; their visible 
thickness is about 8—9 m. The sample contained a very uniform complex 
of poorly preserveddiatoms (Table 27). Dominant are Pyxilla gracilis 
Temp. et Forti, P. oligocaenica Jousé var. oligocaenica et var. 
tenuis Jousé, Pseudopodosira bella Possnova et Gleser, and 
Melosira sulcata var. siberica Grun. 

The abundance of Pyxilla oligocaenica var. tenuis Jousé makes 
this complex analogous to that from the Pelym River basin (Burmantovo 
profile) and it can be placed conditionally in the Early Oligocene. The 
Khabirutta complex was apparently associated with shallower waters since 
it lacks species of Coscinodiscus Ehr. This assumption is also 
supported by the abundance of sandy material in the rock in which the 
algal remains are found. 

Silicoflagellates are rather abundant here (Table 27). Dominating are 
Distephanus antiquus Gleser, Dictyocha elata var.media 
Gleser f. media et f. reducta Gleser, D. rotundata Jousé var. 
rotundata and D. spinosa (Defl.) Gleser. There are smaller amounts 
of D. frenguellii var. carentis Gleserf.carentis, D. rotundata 
var. secta Gleser, etc. 
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114 Basin of the En-Yakha River 
Point 21 


On the right original bank of the En-Yakha River 3.5—4.0 km above the 
mouth of the Titin- Kalovy-Yakha stream, the outcrop is 16—17 m high; in 
the central part it is 22 m above the waterline and its length is 450 — 

500 m. In the central part of the outcrop, blue and bluish green clays 
emerge to a height of 9—12 m from the waterline; these are overlain by 
dark gray sandy clays. Further downstream a landslide uncovered light 
brown (green-tinged hue when freshly cut) sandy clays with parallel 
lamination at an angle of about 20° to the horizon. The thickness of each 
stratum ranges from 1.5 to 3.5 m; they are separated by very thin 
"yrisypki'' of gray, fine-grained, slightly micaceous sand. In the talus, 
the clays form a fine, laminar scree of light gray color when dry. Clay 
sample 21/4. Between these and the blue clays emerge clays from which 
sample 21/5 was taken. In the low part of the upstream end of the outcrop 
emerge sandy, horizontally-obliquely laminated sediments with laminae 
of brown clay. These sediments gradually pass into splintered clays with 
ferruginized surface. On clearing these clays, a fragment of carbonized 
wood was revealed. F.A.Kaplyanskaya noted siderite loaves in the cleared 
clay. These clays can be placed in the Chegan suite. 


Clay samples nos. 21/1, 21/4, and 21/5 from this outcrop were 
examined. A single type of diatom flora was found in all the samples 
(Table 28). 

The most varied and well preserved complex was found in sample 21/4. 
Here are numerous valves of Pyxilla oligocaenica var. tenuis 
Jousé, P. gracilis Temp. et Forti, Coscinodiscus decrescens 
Grun., Brightwellia hyperborea Grun., and Melosira sulcata 
(Ehr.) Ktz. (group of forms). Sample 21/1 contains a numerically more 
modest complex, and sample 21/5 a very poor complex. 

The observed diatom complex is analogous to that from the Pelym and 
Khabirutta rivers, which was placed conditionally in the Early Oligocene. 

A total of 16 silicoflagellate species, varieties and forms were found. 
Dictyocha elata var. media Gleser f. media etf. reducta 
Gleser is most abundant in all samples. Distephanus antiquus 
Gleser is dominant in 2 samples; in addition, sample 21/1 contained 
numerous Skeletons of Dictyocha rotundata var. secta Gleser, 
and sample 21/4 Naviculopsis biapiculata var. minor (Schulz) 
Gleser. Sample 21/1 contained a relatively large number of skeletons of 
the rare species Dictyocha spinosa (Defl.) Gleser; another rare 
species in the Paleogene is Mesocena elliptica Ehr. emend. Defl., 
whose skeletons were found in 2 samples. The remaining silicoflagellate 
forms are very rare or rare. 


Point 23 
Right bank of the En-Yakha River. Anoutcrop, 6-7 mhigh, 175—200 m 


long, situated 10.5 km below the mouth of the Kho-Yakha stream, a right 
tributary of the En-Yakha. Paleogene clays underlay the Quaternary deposits, 
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and emerge to the surface in the extreme upper and lower parts of the 
outcrop; these clays apparently form the original bank. The clays are 
bluish gray and gray. 


One sample from these clays (no. 23/3) was examined. It contains 
abundant, well preserved algal remains (Table 28). 

Considering the abundance of valves of Pyxilla gracilis Temp. et 
Forti and the considerable amount of frustules of Brightwellia hyper- 
borea .Grun.j (Coscinediscms argus hr., and Cc. mirabilis 
Jousé, this complex can be regarded as analogous to that from the top of 
the Lyulimvor suite and the bottom of the Chegan suite, and thus probably 
belongs to the Late Eocene — Early Oligocene. 

119 The silicoflagellate skeletons found here belong to 14 species, varieties 
and forms. Dominant are Dictyocha rotundata Jousé var. rotund- 
ata et var. secta Gleser and Naviculopsis biapiculata var. 
minor (Schulz) Gleser. D. deflandrei var. completa f. producta 
Gleser and D. fibula Ehr. var. fibula f. fibula are common, and 
D. deflandrei var. bicornuta Gleser, D. frengu.ellii var. 
carentis Gleserf. carentis, D.transitoria Defl. and Naviculop- 
sis biapiculata (Lemm.) Freng. var. biapiculata are frequent. 

The remaining silicoflagellates are less numerous. 


Point 24a 


Right bank of the En-Yakha, above the river mouth. The outcrop 
reveals a cross section of a ridge about 6 m high. The central part of the 
ridge consists of fine sandy diatomaceous clays which are almost white 
when dry. 


Microscopic examination of a sample (no. 24a/1) of these clays showed 
the presence of diatom frustules and silicoflagellate skeletons. 

The characteristic diatom complex (Table 28) consists of typical Late 
Eocene species of the West Siberian plain andthe eastern slope of the Urals. 
Twelve species, varieties and forms of silicoflagellates were deter- 

mined. Most abundant are Dictyocha frenguellii var. carentis 
Gleser f.carentis andf. incerta Gleser and D. rotundata Jousé 
var. rotundata. The remaining species are very rare or rare (Table 28). 


Point 25 


An outcrop, 7—8 m high, situated on the right bank of a small stream 
joining the Khadutte below the mouth of the En-Yakha. The section shows 
a ridge directed northeast. The Quaternary deposits in the form of gray 
quartz sands on the top are underlain by grayish brown— gray, sandy 
Paleogene clays of fine cloddy structure, which become light-colored on 
drying. The clays evidently continue below the waterline; their visible 
thickness is about 5.5 m. 


One sample (no. 25/1) from the clay of this outcrop was examined. The 
sample contained rich diatom and silicoflagellate remains (Table 28). 
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The main characteristic of the diatom complex of this sample is the 
abundance of Coscinodiscus uralensis Jousé in contrast to the 
much smaller density of C. moelleri var. macroporus Grun. On 
these grounds the complex can be correlated with the Middle (?) Eocene 
flora to the West Siberian plain. 

The silicoflagellate complex consists of 8 species, varieties and forms. 
Dictyocha frenguellii var.carentis Gleserf. carentis and 
Naviculopsis biapiculata var. minor (Schulz) Gleser are 
dominant; Dictyocha lamellifera Gleser var. lamellifera 
appears in somewhat smaller amounts. The remaining silicoflagellates 
are very rare or rare. 


Point 27 


Outcrop situated on the right bank of the En-Yakha, 1 km below the 
mouth of Titin-Kalovy-Yakha, a right tributary of the river. The precipice 
is 18—20 m high and about 1.5 km long. The outcrop slopes are covered 
with landslides. Clay deluvium emerges in the small beds of the streams. 


Examination of a sample (no. 27/1) of these clays revealed well pre- 
served algal remains (Table 28). The table shows that the dominant diatom 
complex includes only 2 Coscinodiscus species — C. moelleri var. 
macroporus Grun. andC. uralensis Jouse. This is characteristic 
of the Middle (?) Eocene diatom flora. 

There are 8 silicoflagellate species, varieties and forms. Two of these — 
Dictyocha frenguellii var. carentis Gleserf. carentis and 
Naviculopsis biapiculata var. minor (Schulz) Gleser — are very 
abundant. The skeletons of Dictyocha lamellifera Gleser var. 
lamellifer'a, D. elata Gleser var, elata, D: trhacentha var. 
apiculata f. minor Schulz and Naviculopsis biapiculata 
(Lemm.) Freng. var. biapiculata are frequent. 

Thus, the algal flora in the basin of the En-Yakha belongs to the 
Middle (?) and Late Eocene, the Late Eocene — Early Oligocene (?) and 
the Early Oligocene. 


Basin of the Arka-Tab-Yakha River 
Point 14 


The outcrop lies 1.5 km south of the northeast bend of the Arka- Tab- 
Yakha on the shore of a lake. The precipice is fairly steep, 7—8 m high. 
The upper part of the outcrop consists of sandy, dark brown, laminated 
clays. Downward the clays merge gradually with lighter-colored, fine- 
cloddy sandy clays which continue below the waterline. From the west, 
the clays are joined at an angle of about 75° by fine, sandy, greenish gray 
clays which also extend below the waterline. 


The following samples were examined: no. 14/1 of the dark brown clays, 
no. 14/2 of thelighter-colored clays, no. 14/3 of the greenish gray clays. 
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Diatom and silicoflagellate remains were foundinall the samples (Table 29). 
The table shows that the characteristic complex of the first 2 samples 
includes only 2 Coscinodiscus species —C. moelleri var. macro- 
porus Grun. and C. uralensis Jousé. Both species are numerous in 
the lower sample, while C. uralensis Jousé is frequent and C. moel- 
leri var. macroporus Grun. very rare in the upper sample. Melo- 
sira sulcata (Ehr.) Ktz. (group of forms) dominates in both samples, 
but valves of Pterotheca aculeifera Grun. are very abundant in 
sample 14/1. The diatom complex of samples 14/1 and 14/2 resembles 
the Middle (?) Eocene flora of the Lower Ob and Ob— Pur interfluve. 

Valves of Melosira sulcata (Ehr.) Ktz. (group of forms), 
Hyalodiscus radiatus (O'Meara) Grun. and Coscinodiscus 
moelleri var. macroporus Grun. predominate in the sample of 
greenish gray clay (no. 14/3). All the other diatom species are very rare 
or rare here. Such a diatom composition suggests the Eocene age of the 
complex, though a more accurate determination is difficult. 

The remains of the silicoflagellate flora is fairly scant. Skeletons of 
Dictyocha frenguellii var. carentis Gleserf. carentis 
dominate in samples 14/1 and 14/2; in addition, the former sample also 
contains D. elata Gleser var. elata and Naviculopsis biapiculata 
(Lemm.) Freng. var. biapiculata. Sample 14/3 contains very rare or 
rare specimens of silicoflagellates. 


Point 16 


The outcrop lies on the right bank of the Arka-Tab-Yakha, 1 km below 
the mouth of an unnamed tributary. Its height is 12 m and length about 
100 m. A peat layer of about 4 m overlays sandy, greenish gray clays 
with visible thickness of about 8 m. 


One sample of these clays (no. 16/1) was examined microscopically. 
The material contained abundant, well preserved algal remains (Table 29). 
There are numerous frustules of Coscinodiscus uralensis Jouse 
as well as other species of the same genus such as C. payeri Grun., 

C. radiatus Ehr.; the predominant forms are Stephanopyxis edita 
Jousé, S. punctata Jousé, Triceratium exornatum Grev. 

This complex is analogous to the Late Eocene diatom flora of the Lyulim- 

vor suite of the West Siberian plain and the Irbit suite of the eastern slope 
of the Urals. 

Of the 10 silicoflagellate varieties and forms encountered, high numbers 
are characteristic of only two — Dictyocha triacantha var. api- 
culata f. minor Schulz and Naviculopsis biapiculata var. 
minor (Schulz) Gleser; the rest are scantily represented. 

Thus, the basin of the Arka-Tab-Yakha contains a Middle (?) and a Late 
Eocene complex of silicoflagellates and diatoms. 
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Eastern part of the West Siberian plain 


Silicoflagellates were examined in material from natural outcrops on 
the river Pechal'-Ky, a right tributary of the Taz (the samples were 
collected by the geologist Kuznetsov). 

Microscopic examination of 6 samples revealed everywhere the presence 
of diatom and silicoflagellate remains (Table 30). 

In almost all the samples, the characteristic diatom complexes consisted 
of Melosira sulcata (Ehr.) Ktz. (group of forms), Hyalodiscus 
radiatus (O'Meara) Grun., Coscinodiscus moelleri var. macro- 
porus Grun., C. payeri Grun., C. radiatus Ehr., Grunowiella 
gemmata (Grun.) V.H. and others. A similar diatom complex is known 
from the Lyulimvor suite of several areas of the West Siberian plain and 
from the Irbit suite of the eastern slope of the Urals; consequently, the 
observed complex can be placed in the Late Eocene. The presence of 
significant numbers of Pyxilla gracilis Temp. et Forti insamples 3466 
and 3460a-3 does not contradict this conclusion, since this species is not 
dominant in these samples. 

The Late Eocene silicoflagellate complex of the Pechal'-Ky River numbers 
14 species, varieties and forms. The complex is similar in all the 
samples, although sample 3466 differs sharply due to the considerable 
numbers of skeletons of Dictyocha transitoria Defl., which is 
completely absent from the other samples. The differences between the 
Pechal'-Ky samples relate mainly to the presence or absence of some 
individual silicoflagellate forms (varieties and forms of Dictyocha 
triacantha JEhr:, D. damelliftera Gléser' var. lamelliterar 
Distephanus speculum (Ehr.) Hack., etc.). Although the silico- 
flagellates of samples 3503 and 3476 are less abundant than those of 
samples 3461, 3461-2b, and 3460a-3, the quantitative proportions of the 
forms within the complex is roughly the same. Dictyocha frenguellii 
var. carentis Gleserf. carentis andf. incerta Gleser pre- 
dominate everywhere, while the varieties of Naviculopsis biapi- 
culata (Lemm.) Freng. occur in smaller numbers. On the other hand, 
the skeletons of Dictyocha rotundata Jousé var. rotundata are 
very numerous in the last 3 samples, while in samples 3503 and 3476 this 
variety is represented by isolated specimens only. 


Middle Ob area 


Studies of fossil algae were made of samples from the collection of T.I. 
Osyko and D. V. Osadchei taken from the well bores in the environs of the 
villages of Aleksandrovskoe (nos. 2-k, 6-k, 11-k, 15-k), Kargasok 
(no. 1-p), Vasyugan'e [land along R. Vasyugan] (1-p and 3-k) and Parabel' 
(Parabel'-Chuzik profile, nos. 7-k, 10-k, 12-k and 15-k). Algae were found 
in well no. 3-k of the Vasyugan'e profile, and wells 7-k, 10-k and 15-k of 
the Parabel'-Chuzik profile. 
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Vasyugan'e profile (from the collection 
eft: 1. Osyke, 1557) 


Well 3-k 


61.0—119.05 m _ White, silty, slightly micaceous, poorly laminated clay 
with numerous plant remains underlain by varigrained 
and fine-grained, light gray and brownish gray sands. 


Chegan suite — Pg3— Pg} 


119.05—165.95 m Green, silty clay with numerous pockets and "prisypki" 
of gray micaceous siltstone and fine-grained sand, as 
well as inclusions of oxidized pyrite and lignitized plant 
remains, underlain by interlayers of whitish gray, 
micaceous siltstone. 

165.95—172.95 m Silty, brownish yellow, dense, unlaminated clay with 
plant remains. Yellowish green clay laminae in the 
lower part of the stratum. 

172.95—193.9m_ Silty, light green, laminated clay with oxidized pyrite 
and fine-grained glauconite. 

193.9 —201.9m _ Light greenish gray clay, more homogeneous than pre- 
ceding clays, with sparse accumulations of siltstone and 
pyrite inclusions, as well as pocketlike accumulations 
of glauconitic sand. 


Lyulimvor suite — Pg}~3 


201.9 —210.4 m Clay, as above but more homogeneous, with numerous 
irregular, pocketlike accumulations of coarse quartz 
sand, also with rare worm trails. 

210.4 —232.35 m_ Light yellowish gray and light gray, very homogeneous, 
clay laminae, irregularly gaizelike, with pyrite inclu- 
sions, pocketlike accumulations of fine sand and 
glauconite. 

232.35 —239.85 m Whitish gray, gaizelike clay, in some places laminated, 
with "prisypki'' of micaceous siltstone on the planes of 
cleavage with numerous accumulations of glauconite; 
the clay is tripolilike in the lower part of the stratum. 

239.85—267.45 m Gaizelike, light gray clay with interlayers of coarse 
glauconitic grayish green sandstone, dark gray siliceous 
clay and dark gray gaize. 

267.45—274.45 m Gray (in places dark gray), gaizelike clay with an 
admixture of glauconite, quartz grains, isolated pyritized 
plant remains, small fish scales and worm trails. 
Underlain by rocks of the Gan'kino suite of the 
Maestrichtian. 


Four samples were examined from the core of well 3k; no. 1 (193.9 —201.9m, 


Chegan suite), no. 3 (232.35 —239.85 m, top), no. 4 (232.35 — 239.95 m, lower) 
and no. 6 (248.25 — 253.75 m); the latter 3 samples are from the Lyulimvor suite. 


136 


S 
S 
G 
€ 


uoll 

-en[eAd 
ATIF 

-T1uUeNb 


(128) 


“1aSo]) VjL90U2 “J $17UaIDI “eA “f GQ 
811 

-uadvd *} Jasayy) s77uaivo “eA “f° 

“ayqjansuasf eA [Jad wpjansuasf *q 

‘vingyf "J vpnqif “AeA “AYA vINGQI 
“pyajauiog “| sasal*) 

pjajdwoo ‘ied tadpuvpfap vyI0h}21q 


‘unig, vjajdaiqns “IRA 
yo qaafvd “1eA “UNIS aiaiivd *9 
‘unin snuodosmvU “IBA 149]]20W * 2 
‘unig siupjod “ABA suassasvap *) 
‘QsNOf SaplOUassaszap SNIS1poUIIs0) 
*(suuIO} Jo 
dnoi3) *zyy (‘ayy) 772097NS D41IS0]2 


(raddn) 


G8°6Es 
—GECES 


aud004 
a1e7] 


Zz ‘ 
g-vd ‘a2tns 


roAwtnk] 


Aeyo 
ayt[azteo 


‘unpnaads “IRA 
‘yoRH (Ay) Wnpnoads snuvydajsi(q 
“1asa[D (z[NYoS) 4owiw “AeA “q “A 
‘pyvjnaidvig “IBA “AUdAT 
(wuway) v777nI1d01q sisdojn21av 
“DYJUDIDIA] “J 
DYyUvIDIA] “ABA “AY DYJUDIVIA] “CT 
‘Tod vIs0nsuns, °C 
“Jasay (‘[Jaq) vsourds *q 
*1aSO]) JIaS “ABA “4 “GC 
‘pIDPUNIOL “IVA ASNOL DIVpuNzoL “CT 
*1OSE]D V7L90UI “| S7qUauDI “IBA “f “GJ 
*$1]UaLDI “J 
Josef s1juaiv9 “AeA ayjanduasf *q 
‘pyngif “yoingrf “wea “Ay vpNgQI{ “Gq 


‘YyWlog ya “dway, 8729043 vppizhg 
‘ID “VW s2q9vfjod snasipoursso) 


‘rasa]) (¢) aua9 *(surs0j Jo dno3z8) 
pyonpoid *} Djajdwoo “AeA “Pp “q] -o8110 syvey (ury yo “AaIDH) stunz “9 
*D}a] Ayreq ‘unin, Diodvdaw *¢ 
-dwoa *} 1asafy) 07a]dwoa “IeA *p “J ‘unig vypusuvm sixidounydaig 
“rasan [7 249908 *(SULIO} JO $84-%3q Aejo 
D]NUL0I1q “ABA 1a4apuD] {ap DYI0h}I21q aie] dnoi3)*zyy (“ayq) V7DIZNS VaIsojzapy | *a1tNs ueBoyD Aapis-Apues 


uon 
- Ad 
e1OTj = satoads . 
ase 
wo01eT ; . 3 ; 
im -nuenb pur a1ns ojoyly wi ‘yidaq 
jo asy I 


SOIPTLABETJOOTIS saxatdwod woierp dtstis1oRIeEYD 


-UWies 


(oyksQ “I*L JO UONSaTIOO ayi Woy) atyoud a,ueBndseA ‘ease qO IPPIW ‘A-€ [19” Woy sotduies Jo uoTIeUTWIeXa OIdoosoIOTUI Jo sITNsoy “LE ITAVL 


137 


(129) 


NN wo oO 


N INNO SIO 


oN 


uon 

-en[Teaad 
aATIB1 

-tquenb 


“MOR 
(‘ayq) snaisanydsiway snzidouung 
“dasa[t) (z[NYIS) sourw “1eA “qQ “A 
*pjvjnaidvig “ABA “Bud 
(wutoy) 2707nI2dv1q sisdojnaiavAy 
“DYyyUvI 
-D14] “| DYJUDIVIAZ “AVA “ANY “7° 
“(UUO"] DIDISDY “ABA “7 “GQ 
“Z[NYIS 410Uu 
-1u “| DpDjNIIdD “AKA DYJUDIVIA] “GT 
‘p]vpunjos “LEA OSNOL VJVpUN;OL “GJ 
“UOT Dpnaiavu “Gq 
*19SO[) Vj19IUI “| S7]UALVI “AVA “f “GQ 
*S1]UALDI “| JOSO[) $1]UALVI “ABA “f *G 
“ayjjansuas{ “AWA “[JOC] 27,aNTuUesf *q 
“ppngif “) pyngif “ABA “ANG PINGIL *G 
*pjajdwoo *{ AdSo[r) 


pjajdwoo “sed laspunjfap vyI0/}21q 


“Ov 
(ayg) snauapydsiway snjidouun) 
“L9Sa[ (Z[NYIS) sour “1eA “Q “NV 
*pypjna1dvn1q “ABA “BUILT 
(‘ututay]) 27n7nNI1d01q sisdoj)na1aDNy 
“DYJUDIVIA? “J 
DYJUDIVDIAZ “IRA “TYG VYZUVIDIAZ “GQ 
[JO Pisopsunsy “GQ 
“DIDPUNJOL “AVA YSNOL VJDpUNIOL *G 


sotoads 


SO1ET[ABETJOOTTIS 


aud004 
a1e7] 


RIOT 
woe Ip 
jo o8y 


wh 


NOON ~t NN 


N 


o 


uoll 


-en[eAd 


aaTiel 


‘unIg) 09249918 
-]7S D411S0]9 


“IRA DIDI 
JO SANTRA paiejos] 


"HA (UnId) DJDWwas D]JaIMOUNLy 

‘IWog yo “duloy, s2729018 = vppIThg 

“ysnyqT (Qlop) v7dpnozra +7 

“qlox] Djvavoxra vIaIvUIL | 
‘undg) Djazdaugns “IBA 

“IeA tundy juafhvd “9 
‘unig snaod 

-O4IDU “IRA 140]]20W sndsipoul2se) 

‘asnof vzpjIund “¢ 

‘asno, DyIpa “gs 

"unin 22YIS804q sixhdouvydajy 
“und 

snasipo)vhi fT 
*(SuI0J Jo 

dnoi3) *z)y (ay) v7yvI7Ns vaIsOja py 


yea asafivd 


(Buea, O) 


$n]vIp DA 


‘HA Cunin) vjvwwas vp]}a2N0UuNLyD 
‘Wog yo “dway s1719049 = vppIxhig 


sotoads 


-TueNb 


saxeatduiod WOleTp ITIsTIBIOeIeYD 


Zz ‘ 
o- 28d aiins 


roaut{nky | ayllezte5 | —Sz' ghz 


z ‘ 
g- 38d aiins 


IOAUIT[NAT 


Keto 
aytlezteo 


(raddn) 
Keto |Gg°6ez— 
aytpTeztrey | —GE CES 


ase 
K3 ‘uid 
bse signe ojoyity =| w ‘yideq 


(panutiuos) Te a1dVL 


Zz ‘ 
gevbd ‘aatns 


roAwr{NkT 


138 


The first 3 samples contained diatom frustules and silicoflagellate 
skeletons, while the last sample contained only isolated valves of Melo- 
Sire sulcata var. siberica Grun. (Table 31). 

The diatom complex found at a depth of 232.35 — 239.85 m in the 
Lyulimvor suite is characterized by abundance of varieties of Melosira 
sulcata (Ehr.) Ktz. and the presence of considerable amounts of 
Grunowiella gemmata (Grun.) V.H., Coscinodiscus payeri 
Grun. var. payeri andvar. subrepleta Grun., and in the upper part 
of the zone also C. decrescenoides Jousé and C. decrescens var. 
polaris Grun. Limited numbers of frustules belonging to Pyxilla 
gracilis Temp. et Forti are also found. On the basis of these traits, 
the complex can be regarded as analogous to the Late Eocene complex of 
the Lyulimvor suite of the West Siberian plain and the Irbit suite of the 
eastern slope of the Urals. 

130 The silicoflagellate complex of these samples consists of 14 species, 
varieties and forms. In both samples Dictyocha frenguellii var. 
carentis Gleser f. carentis, D. rotundata.Jousé var. rotundata, 
and Naviculopsis biapiculata (Lemm.) Freng. var. biapiculata 
are dominant. In addition, there are smaller quantities of Dictyocha 
deflandrei var. completa Gleser f. completasr D.cfibwula,Ehr. 
war. tipula,¢..fibula,.Di.irengiwellii. Dell. var. frenguel lis 
and Naviculopsis biapiculata var. minor (Schulz) Gleser, as 
well as individual skeletons of Cannopilus hemisphaericus (Enhr.) 
Hack. The lower sample differs from the upper one in the presence of 
very rare or rare skeletons of some varieties and forms of Dictyocha 
triacantha Ehr...and D. navicula Ehr., the lower density of D. 
frenguellii var. carentis f. incerta Gleser and higher density 
of varieties of Naviculopsis biapiculata (Lemm.) Freng., and 
also absence of skeletons of Dictyocha transitoria Defl. 

The sample from the Chegan suite (no. 1, 193.9—201.9 m) contains a 
diatom complex differing considerably from that found in the Lyulimvor 
suite (Table 31). Pyxilla gracilis Temp. et Forti, Melosira 
sulcata (Ehr.) Ktz. (group of forms), and the varieties of Stephano- 
pyxis turris (Grev. et Arn.) Ralfs are dominant. Among the species of 
Coscinodiscus, C. polyactis A.Cl. is encountered rarely, while 
the genus Stephanopyxis is characteristically represented by S. 
marginata Grun. andS. megapora Grun. 

This complex is analogous to the diatom complex of the lower parts of 
the Chegan suite or the upper horizons of the Lyulimvor suite of other 
areas of the West Siberian plain and the eastern slope of the Urals, and 
can be placed conditionally in the Late Eocene — Early Oligocene. 

The silicoflagellate flora consists of 14 species, varieties and forms. 
Among the dominant forms are 2 varieties of Dictyocha rotundata 
Jousé, D. deflandrei var. completa i. praducta Gleser,; -D. 
fibula Ehr. var. fibula f. fibula and Naviculopsis biapi- 
culata var. minor (Schulz) Gleser. Dictyocha frenguellii var. 
carentis Gleserf. carentis, D. transitoria Defl. and D. 
deflandrei var. completa Gleser f. completa are encountered 
frequently. The remaining forms are very rare or rare. 
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Parabel' area, Parabel'—Chuzik profile 
(from the collection of D. V. Osadchei, 1957) 


Well 7-k 
5.95—101.55 m Sands, sandstones, siltstones. 
Chegan suite — Pg3— Pg} 


101.55—147.25 m_ Silty, light green clay with thin "prisypki" of light gray 
micaceous-silty material underlain by interlayers of 
sand and sandstone. 

147.25—153.25 m Clay — silty, greasy, light green, laminated clay with 
pocket and ''prisypki" of light gray sandy-silty material 
with pyrite grains and areoles of ferruginization. 

153.25—175.85 m Light green, dense, laminated, silty clay, slightly 
gaizelike in places. 


Lyulimvor suite* — Pg373 


175.85—214.85 m_ Silty, whitish gray clay with greenish tinge and with 
thin ''prisypki" of siltstone. The clay is unlaminated 
and easily soiled. The greenish tinge gradually 
decreases toward the bottom and the rock becomes 
more silty and easily soiled, sometimes diatomitelike. 

214.85—228.25 m_ Light gray, argillaceous, dense, unlaminated gaize, 
with conchoidal fracture; fragments of dark gray, 
almost black silicated rock with conchoidal fracture 
are encountered. At the bottom of the stratum there are 
interlayers of silty diatomaceous clays gradually merging 
with gray, argillaceous gaize with conchoidal fracture. 


P F mt 
Gan'kino suite — Cry, 


228.25 —281.45 m_ Light gray, silty, calcareous clay with pyrite pockets, 
worm trails, fragments of pelecypod shells and sparse 
plant detritus. 


Slavgorod suite — Cr,” *°P 


281.45—319.35 m Silty, gray, micaceous, irregularly and slightly gaize- 
like, noncalcareous clay with pyrite grains, worm 
trails and sparse plant remains. 

319.35—363.65 m Light gray, silty, gaizelike clay with pyrite grains and 
with conchoidal planes of fracture. This is underlain 
by oolithic ferruginous sandstone. 


* According to T. I. Osyko, the boundary between the Chegan and Lyulimvor suites passes higher, at a 
depth of 174.25 m. 
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A total of 5 samples from the core of well 7-k were examined micro- 
scopically. Samples from the Chegan (no. 1, 153.25—160.25 m) and 
Lyulimvor suites (no. 2, 177.25—185.85 m; no. 3, 185.85—196.85 m) 
contain abundant algal remains. On the other hand, no algae were found 
in the samples of the Gan'kino (no. 4, 228.25 —238.95 m) and Slavgorod 
suites (no. 6, 319.35—329.95 m). 

Table 32 shows that the dominant complex of the deeper sample from 
the Lyulimvor suite includes species characteristic of the Late Eocene 
of other areas of the West Siberian plain and the eastern slope of the Urals, 
such as Coscinodiscus payer? Graon. var: payeri, C. decres- 
cenoides Jousé and Grunowiella gemmata (Grun.). In addition, 
the upper sample contains frustules of species of the Chegan suite, such 
as Coscinodiscus decrescens Grun., Stephanopyxis margi- 
nata Grun., and S. megapora Grun. Valves of Pyxilla gracilis 
Temp. et Forti are encountered more often here than in sample 3. 

In samples of the Chegan suite (or the upper part of the Lyulimvor suite, 
according to T.I. Osyko) valves of Melosira sulcata (Ehr.) Ktz. 
(group of forms), Stephanopyxis turris (Grey. et Arn.) Ralfs (group 
of forms) and Pyxilla gracilis Temp. et Forti. are dominant. 

Valves of characteristic Late Eocene species of Coscinodiscus and 
Stephanopyxis are absent; also absent are frustules of Grunowiella 
gemmata (Grun.) V.H. Frustules of Thalassiosira aff. zamelinae 
Jousé and Coscinodiscus polyactis A.Cl. are of frequent occur- 
rence. Because of these features, the complex can be placed tentatively 

in the Late Eocene — Early Oligocene (?), 

Core samples from the Chegan and Lyulimvor suites of well 7-k contain 
17 silicoflagellate species, varieties and forms. 

Dictyocha frenguellii var. carentis Gleser f."carentis is 
dominant in the deeper sample, and abundant forms are D. frenguellii 
var. carentis f.incerta Gleser, D. rotundata Jousé var. 
rotundata and varieties of Naviculopsis biapiculata (Lemm.) 
Freng. The silicoflagellate complex of the upper sample of the Lyulimvor 
suite is more diverse and rich. Dominating here are Dictyocha 
frencuellni- var. Carent irs Glesericecarentis and ft. imeerta 
Gleser, D. rotundata Jousé var. rotundata, D. transitoria 
Defl., D. fibula Ehr. var. fibula f. fibula and varieties of Navi- 
culopsis biapiculata (Lemm.) Freng. In addition, this sample 
includes considerable amounts of varieties of Dictyocha deflandrei 
Freng. not found in the deeper sample. 

Thus, the complex of the Chegan suite is characterized here by an 
abundance of both varieties of D. rotundata Jousé and a greater con- 
centration of varieties of D. deflandrei Freng. 


Well 10-k 


1150 — $8.3. m Silty clay, light gray with greenish tinge, with interlayers 
of sandstone and plant remains. 
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Chegan suite — Pg3— Pg} 


88.3 —127.0 m Sandy-silty and silty, light green, micaceous, un- 
laminated clay with pockets of fine and medium-grained 
quartz sand and thin, whitish gray micaceous "'prisypki"' 
of silty material with pyrite and isolated plant remains 
underlain by slightly cemented, unlaminated, greenish 
gray, micaceous, fine-grained sandstone. 

127.0—156.5 m Cemented, grayish brown, yellow-gray, dense and very 
solid clay with carbonized plant remains underlain 
from about 130.0 m by a medium-grained, unlaminated, 
slightly cemented yellowish gray sandstone with plant 
detritus. 

156.5—173.15 m_ Silty clay, grayish white with greenish tinge, irregularly 
and slightly gaizelike, with small grains of pyrite, and 
in places with thin "prisypki'' of white, micaceous 
silty material; sparse pockets of fine, quartzy- 
glauconitic sand. 


Lyulimvor suite* — Pg}-3 


173.15—186.25 m Silty, grayish yellow, micaceous, slightly gaizelike, 
dense, unlaminated clay with "prisypki'' of gray 
micaceous material in several places and interlayers 
of gravelly, unequigranular glauconitic sandstone 
with gravel, quartz pebbles and opaline cement. 

186.25—206.55 m White and grayish white, gaizelike, silty, easily soiled, 
fairly light, sometimes diatomitelike clay; in places 
contains gravel-sand and quartz-glauconitic material. 
At the end of the interval there is an interlayer of dark 
gray silicified clay. 

206.25 —221.15 m Dark gray with greenish tinge, silicified clay, irregu- 
larly mixed with quartzy-glauconitic sandy material, 
underlain by fine- and medium-grained, grayish yellow 
sandstone. At the end of the stratum the clay is silty, 
micaceous, irregularly gaizelike and light gray, 
strongly calcareous, micaceous and unlaminated with 
sparse plant detritus. 


Gan'kino suite — Cr;" 
221.15—303.85 m Light gray and whitish gray, highly calcareous, irre- 


gularly gaizelike clay with sparse plant detritus, pyrite 
pockets and worm trails. 


* According to T.I. Osyko, the boundary between the Lyulimvor and Chegan suites passes higher, at a 
depth of about 156 m. 
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Slavgorod suite— Cr, °° 


303.85 —345.10 m Silty clay, gray or gray with slight greenish or bluish 
tinge, irregularly strongly gaizelike with masses of 
sandy material, pyrite pockets and sparse plant 
detritus. 


Five core samples of well 10-k were examined. No algal traces were 
found in the sample from the Slavgorod suite (no. 12, 328.05—336.95 m) 
and 3 samples from the Gan'kino suite ine, Go 221.15—225515 m; no. 7, 
225.15—231.15 m; no. 8, 231.15—241.15 m). On the other hand, sample 10 
(155.5—162.7 m) from the Chegan suite contained abundant remains of a 
diatom and silicoflagellate flora (Table 33). 

The dominant diatoms of Pyxilla gracilis Temp. et Forti and 
Coscinodiscus polyactis A.Cl.; characteristically present are 
small amounts of valves of Stephanopyxis marginata Grun. and 
S. megapora Grun. This flora resembles the complex found in the lower 
part of the Chegan suite in well 3-k of the Vasyugan profile and well 7-k 
of the Parabel'-Chuzik profile, a complex placed tentatively in the Late 
Eocene — Early Oligocene. 

A total of 15 silicoflagellate species, varieties and forms were found. 
Most abundant are varieties of 3 species — Dictyocha deflandrei 
Freng., D. rotundata Jousé and Naviculopsis biapiculata 
(Lemm.) Freng., as well as Dictyocha frenguellii var. carentis 
Gleser f. carentis, D. transitoria Defl., D. fibula Ehr. var. 
fihula f. fibula. 


Well 15-k 
Lyulimvor suite — Pg}-3 


170.0—186.9 m White, slightly micaceous, light, easily soiled diatom- 
ites with sparse laminae of siltstone overlaying silty, 
light gray (in places with slight greenish tinge) gaize- 
like, slightly micaceous clay, in places blending into 
light gray gaize. This clay is underlain by silicified 
dark gray, unlaminated clay and medium and coarse 
graded, green, argillaceous, glauconitic sandstones, 
in some places silicified with pockets of dark gray 
clay, pebbles and gravel. 


Gan'kino suite — Ge 
221.55 —234.8 m Sandy-silty, gray, micaceous, irregularly calcareous 
clay with interlayers of sandy siltstone, with shell 


fragments and an interlayer of gray, micaceous, un- 
laminated, sandy limestone, dense in the lower part. 
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Slavgorod suite — a 


395.6 —414.0 m Silty, light gray with slight greenish tinge, somewhat 
gaizelike clay with pyrite grains and worm trails. 
Sandstones of the Kuznetsov suite of the Turonian 
begin at the end of the interval. 


Two core samples of well 15-k were examined. No trace of algae was 
found in sample no. 5 (395.6 — 403.6 m) from the Slavgorod suite. On the 
other hand, there were abundant algal remains in sample no. 1 (170.0— 
179.0 m) from the Lyulimvor suite (Table 34). Among the abundant forms 
are Melosira sulcata (Ehr.) Ktz. (group of forms), Hyalodiscus 
radiatus (O'Meara) Grun., Coscinodiscus payeri Grun. var. 
payeri, and Coscinodiscus sp.; frustules of C. argus Enhr., 
Stephanopyxis megapora Grun., Trinacria exculpta (Heib.) 
Hust., Grunowiella gemmata (Grun.) V.H. are frequent, and there 
are also small amounts of Stephanopyxis broschii Grun., S. 
punctata Jouse, Coscinodiscus moelleri var. macroporus 
Grun. and Pyxilla gracilis Temp. et Forti. These species are 
characteristic of the Late Eocene flora of the West Siberian plain and the 
eastern slope of the Urals. 

A total of 14 silicoflagellate species, varieties and forms were deter- 
mined in this sample. Dictyocha frenguellii Defl. (group of forms), 
D. rotundata Jousé var. rotundata and varieties of Naviculopsis 
biapiculata (Lemm.) Freng. are dominant. Among very rare forms 
are Distephanus speculum var. pentagonus Lemm. and 
Cannopilus hemisphaericus (Ehr.) Hack. 


Thus, the material obtained from well bores and natural outcrops in 
many parts of the eastern slope of the Urals and the West Siberian plain 
consists of silicoflagellate complexes belonging to the Upper Cretaceous, 
Early Paleocene, Early, Middle (?) and Late Eocene, Late Eocene — Early 
Oligocene (?) and Early Oligocene (7). 


CENTRAL ASIA, ARAL-CASPIAN AREA 


The silicoflagellate content of rocks of the Tas- Aran and Saksaul'skaya 
suites in the Turgai Gates was examined. The Tas-Aran suite has a wide 
distribution in these areas. It is divided into 2 subsuites: the lower, Tyk- 

138 Butak, composed of sands, sandstones and clays, and the upper, Ak-Chat, 
consisting of bluish gray clays, gaizes and gaizelike clays (''Resheniya 
Mezhduvedomstvennogo Soveshchaniya. . ., 1959). Both subsuites are 
characterized by a marine fauna of mollusks, foraminifers and radiolarians. 
Yanshin (1953) places the Tas- Aran suite in the Middle Eocene and the lower 
half of the Late Eocene; Boitsova et al. (1955) place the suite in the Middle 
Eocene. On the basis of the foraminifer and radiolarian fauna, Lipman 
(1960) places the age of this suite in the Middle Eocene and partially the 
Late Eocene. According to Ovechkin (1962) the lower Tas- Aran subsuite 
(i.e., the Tyk-Butak suite) belongs to the Middle Eocene, and the upper 
Tas-Aran subsuite (Ak-Chat suite) to the lower half of the Late Eocene. 


148 


(139) 


N= = 


Sone) 


uoll 

-eny{eAa 
SATIEI 

-T1uenb 


AOTTEUAT ‘Wg JO SuoTIDaTTOO ay2 Woy) (aATY z1Z3q ayi jo Arein 


*p]D1Nd 


-idp "J “WiWaT pjpjnaidv “1eA “4 °C 


10se[9 
-peiys) vsonzaj{ “1eA DY;UDI 


(190 
D147 °C 


‘rase[) (‘[Jad) vsourds -q 
“Z[NYOS VIIQuoys “J ppngif “1eA “f° 


mL 


“Wed 


Ris ot 


pingyf ‘AeA “AYA vjynqif vys0h771q 


(zjnyosS) vyD]nIIdv “jye YUII0Sa 
*1989[D 


(‘dAe]-"Id) Sapi0j1douuvs “1B 
“mwa snuospjuad “1eA wnjNn 
‘Enda 


‘yoeH (ag) | Tn49 


‘JasepH (zjnyos) sowiw “IBA 


Acs @ 
gads *q 
"TeA 


snupydajsiq 


"9 °N 


“Jase[) (Z[NYOS) 0792478 


-uod ‘1eA vyvjn2idv1q sisdo] 


nI10D AY 


“UIWIOT DIDISDY “IRA “7 "CT 
“pyD] NI 


-idp *y ‘wway vjnjnIIdv “Ie 
1ase[) 


Aad 
(rat 


-peiys) vsonrayf “eA DYJUDIVIAT °C 
‘raso[y) (‘[Jaq) vsourds “gq 


“‘Z[NYOS vYyJUvIDLaY *(T 
“MIUe'T 

(“yORH) snquoys “vA pyngif “yye -d 
‘mngyt °§ 

pingyf ‘aeA “ayy VpNgQrf vYy20h}21q 


satoads 


SI1IL[[IABETJOOTIS 


auso00g 21°] 


2us904 3187 


PIOTI 
woe Ip 
jo a8V 


LOOM NWM ae Ot MID WD Ww 


19 oO =D ST uw OD LD A OD OD SH 


uo 


-enjead 


dATIe1 
-tuenb 


‘unig (‘Iyq) vuos09 sixidouvydazs 


yo eaAoussog 21129 v4isopodopnasq 


"uNIN, 09219918 
AG. Te! 


‘unig $2704 nqI9}1YIAD D4L1S0]9 WY 


‘unIg suDj1q7N4 010]F0;SD WY 

‘unin 21y92A0p1a “ye DINIIAD Ny 
‘gsnor simuaj ‘deA DIIUavI05110 “dq 
‘og 4@ ‘due, s2729043 ppt 


‘radoy (“[ted) 


-0au “JPA Wnt 


‘Ss cy snipamsaqut 
‘ds snasipo0ja1jsopnas q 
‘unig vasogsadhy 011974914 


“AYA 


‘Iyq vs0qgozs sixfidoryjuvy 
*(susoj yo dnoi8) =Sj[PY 
(‘ury 19 °AQID) szuinz sizAdouvydaig 


4a eBAOUSSOg 271299 v4ISopodopnas q 


‘unIn §093.12q18 
“ASE toe 


‘UNIG $17D4Nj9ENYILD D.L1S0]3 WY 


satoads 


saxatdwiod woleIp STIsTI9IOPIeYD 


*1ase[ 


‘IRA DIDIINS * 
IN sysuansvwvo * Wy 
"S ‘Vv visno{ “W 


Zz . 
o-38d ems 


‘ds vuoydwy 


ahawony viydinppig 
“AGI, WNiDULOLA * J 
‘unig, sisuapoad 
ovapuod WNI}7D12914 J 
snyahijdou1j9 py 


sngip sngasipou19s09 


PCI) 69) 


“IRA DIDIINS *W 
IN) sisuanuvupo * 
'S “VW Disnof *W 


z ‘ 
go g8d ‘ams 


a3e 
pue o11ns 


uely-seL 


uely-se Lb 


ASoyouarT 


96 


‘ou ojdues 


(eaojdeaL *S “1 pur 


qin) raaty Aiyeney-,uezp oui Woy sotduies Jo UoTPUTUIEXa oidoosoi91w Jo sijnsay “Ge ATAVL 


149 


(140) 


=—N = Aa 


Sel oe | lop) 


st 


uo 

-enTeAd 
dAe1 

-T1uenb 


‘9d 
(zj[nyds) vjDjnNIdo “TTR DUaI0Sa yy 
“UOT snuosvjuad “1eA wnjnaads *q 
‘EN42 “IA 
(ayq) @ns2 snuvydajsiq 
“lasayy) (zjnyos) 4s0U 
-1 "JeA DID]NIIdDIQ sisdojnj1av Ny 
“WUa] DIDIsDY “IRA “7 “GQ 
*pyv) NI 
-1dD "} *WIWa] DzDjNIIdD “IRA “7 “G 
“Lasa]s) (loup 
-B1}S) vsonraj{ “AeA DYZUDIDIA, “Gq 
[Jad Disopsunsy “G 
"4asayy (“[Jaq) vsourds *q 
‘DIDpUNjJOL “ABA BSNOL DJVpUNjOL * 
“‘pingif *y 
“yy Dpnqrf vyI20hj21q 


“OVH 


pjynqi{ “eA 


“UWaT 
wnjnoads = "q 
*EN1I “IBA 
(ayq) wnsa snuvydajsig 
“Jasayy (zjmyos) «ou 
-1W “IRA DIDINIIdDIQ sisdojnjavN 

“WUIa'T DIDISDY “IVA "7 “GG 
DYyJUvI 
-D14] “JY vyqUBIVIA] “IBA *IU 7 OG 


snuospjuad "AeA 


“eH 


satoads 


SILT [AS eTJOOTTIS 


aud004 21e7 


€ 
G 
¢ 
G 
i 
G 
G 
J 
J 
¥ 
€ 
5 
G 
y 
¢ 
5 
y 
S 
9 


aua00q aie] 


uoTl 

-en[eAd 
aAT1e1 

-tuenb 


PIOTI 
woieIp 
jo asy 


“V1T] UL BAOUSSOg 
DIvAANI “| DW17719D49 “IBA *3 “qd 
‘WIT UL BAOUSSOg DwW12]19D45 “| 
pwijj19vis «= ABA 682719049 = DJ AThg 
‘sedoy (‘[teg) thawon; viydinppig 
‘uNIn, sisuapoud 
-0au “IRA WN4L0IE=PU0I WNI40D19914 J 
‘(sluowSe yy) 
"S "YW Snipawmsajqur. snyrfzdourjap 
“YQ Sngip snosipouiss0g 
*(suii0j Jo dno) 
syjey (uly joa “AeIDn) siuinz? “¢ 
‘unIg, (Yq) Duos09 sixidouvydayg 
*19S9]D 
ya eAOUSSOg 0712q Dulsopodopnasg 
‘UNIN) DIILAQIS “IRA DzJDIINS “Pp 
4S 48 “AD sisuanivuvo * py 
‘UNIG $1704N}9971YIID D1IS0]9 WY 
‘UNIDN 2y91A0p1a “Te “Ay 
$18U9I]1SD1Q “JIB DINIAVAT 
‘UNIG SUv]17N4 D10730)]sD W 
‘asnof simuaz “IBA DI1UaDI081]0 *q 
‘Iwog joa ‘dway, s2719048 vp xhig 
‘radoy (‘[teg) tfawon, viydjnppig 
“AOIT) WNIDULOLA * 7 
‘unIn) sisuappss 
-09u “IBA WNLOIAPUOI WNI]D19914 J 
‘S "VW snipewmsaqur snyrhjdou19p 
“Iq vsoqojs sixhdoiyjuvy 
‘unin, Dasoquadhy viyjam7yYs14g 
“IYQ Snsip sndsipouirs07 
*(Suroj yo dnox3) 
syjey (uly 4a “AeID) siuing “¢ 


‘unIy 


satoads 


saxaTduiod WOIeIp ITIsTIBIOeIeYD 


_38q ‘aims 


uely-se L 980) 


334 ‘a1ins 


uely -Se L 96 


ase 


‘ou ajduies 
pue o1ins 


ABojoytT 


(panutiuos) se ATaVL 


150 


The overlying Saksaul'skaya suite consists of glauconite-quartz sand- 
stones, gray-green clays and siltstones. Yanshin (1953) places this suite 
in the upper half of the Late Eocene. Boitsova et al. (1955) note, on the 
other hand, that the molluskan fauna of the Saksaul'skaya suite is of a 
mixed nature and includes Middle Eocene as well as Late Eocene species. 
On these grounds, sediments of the Saksaul'skaya suite should be 
associated with the lower part of the Late Eocene. 

A series of samples from the Saksaul'skaya suite, obtained in a 
stratographic profile on the Manaul'e mountain, as well as from a profile 
of the Tas-Aran suite on Tas- Aran mountain, and cores of wells no. 1 
(Turgai settlement), no. 62 (Tumalykol' settlement), no. 64 ( Chagrai 
plateau), no. 45 (town of Chelkar) and no. 46 (Lake Tebez) were examined. 
All these materials were obtained through the courtesy of R. Kh. Lipman 
and I. A. Khokhlova. Samples from the collection of B. M. Mikhailov and 
L.S. Teplova of the Tas- Aran suite of the basin of the Irgiz River onthe right 
bank of the Uzen'-Kairakty River were also examined. Most of the samples 
contained poorly preserved diatom remains and no trace of silicoflagellates. 

Rich remains of diatoms and silicoflagellates were found only in the 
Tas-Aran suite of the right bank of the Uzen'-Kairakty; these fossils were 
abundant but poorly preserved in rocks of the same suite near the settlement 
of Tumalykol'. 


Right bank of the Uzen'-Kairakty River, 
a right tributary of the*Irgiz River 


The outcrop lies on the right bank of the Uzen'-Kairakty, approximately 
10 km from Mialy settlement. Thin, light brownish gray clays, in places 
light greenish gray, emerge on the surface and reach a maximal thickness 
of about 20 m; these are underlain by Paleozoic rocks. 

Two samples of these clays from the collection of B. M. Mikhailov 
(nos. 87 and 96) and one sample (no. 1086) from the collection of L.S. 
Teplova were examined (Table 35). 

Both samples from Mikhailov's collection contained a very abundant 
and well preserved algal flora with an almost identical species composition. 
Many of the species (Melosira architecturalis Brun, M.oama- 
ruensis Gr.etSt., M.fausta A.S., Actinoptychus intermedius 
A.S., ete.) are known as characteristic forms of the Kharkov (?) suite of 
the Ukrainian SSR; a large number of forms are widespread in the Late 
Eocene and Early Oligocene (?) deposits of Western Siberia (Tricera- 
tium exornatum Grev., Pyxilla gracilis, Temp. et Forti, 

P. oligocaenica var. tenuis Jousé, etc.). There are a considerable 
number of diatoms of the order Pennales (Navicula aff. vidovichi 
Grun., Mastogloia rutilans Brun, etc.) and new species form a large 
proportion of the flora. 

141 A quantitatively poorer complex of similar composition was encountered 
in the collection of L.S. Teplova (sample 1086). 

A great similarity exists between the diatom complex of the Uzen'- 
Kairakty and that of the Kharkov (?) suite of the left bank of the Dnieper 
near Dnepropetrovsk. However, the former complex differs in the ' 
presence of considerable amounts of several species of Pyxilla. 
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R. Kh. Lipman, who determined the radiolarians of Teplova's collection 
(Cenosphaera sp., Spongodiscus sp.sp., Cenodiscus sp., 
Spongosteriscus sp., Lithatroetus sp., Serhocyrtis tamdi- 
cusis Limp., S. elegans Lipm., Serhocyrtis sp.), places the 
Uzen'-Kairakty clays in the Late Eocene. Their position in the strati- 
graphic section (Tas- Aran suite) is evidence of their Eocene age. The 
silicoflagellate complex of the Uzen'-Kairakty is very rich. The dominant 
forms in sample 87 are Distephanus crux (Ehr.) Hack. var. crux 
and Dictyocha aff. fibula var. rhombus (Hack.) Lemm., while 
D. triatatitha var: ‘apiculata ft aptculata ‘Lemms, Dit. var: 
flexuosa (Stradner) Gleser, and Distephanus speculum var. 
pentagonus Lemm. are rare; remaining forms are very rare. The 
silicoflagellate complex of sample 96 consists of the same species but 
occurring as isolated (very rare) specimens, except for Distephanus 
speculum var. pentagonus Lemm. which is rare. 

An analogous complex was found in sample 1086 of Teplova's collection 
(Table 35). In addition to the dominant forms of sample 87, Dictyocha 
spinosa Defl. is abundant here. D. triacantha var. apiculata 
Lemm. f. apiculata and Naviculopsis biapiculata var. minor 
(Schulz) Gleser are encountered in slightly greater numbers, as well as 
isolated specimens of Dictyocha transitoria Defl. and D. rotundata 
Jousé var. rotundata. 


Tumalykol' mountain 


Well 62, Tumalykol' settlement (from the 
collection of R.Kh. Lipman and I. A. Khokhlova)* 


Tas-Aran suite (upper part) — Pg33 


20.00—77.65 m_ Light green, slightly sandy, dense, gaizelike clays with 
conchoidal fracture having interlayers of quartzy- 
glauconitic, micaceous and quartzy, densely laminated 
sandstones in the lower part of the interval. 

77.65—115.45 m Dense, light green, dark gray, gaizelike, slightly sandy 
clays; light greenish gaizes with conchoidal fracture, 
laminae of green and dark gray clays, also with fine- 
grained dark green sandstone mixed with glauconite and 
a quartzy-micaceous material. In places fish scales are 
encountered. 


Four samples from this well were examined. No trace of algae was found 
in the lowermost sample (no. 23, 151.4 m). The remaining 3 samples, 
(no. 14, 91.6 m; no. 10, 67.7 m; no. 7, 60.0—66.15 m) contained a poorly 
preserved diatom flora as well as a characteristic complex of silicoflagel- 
lates (Table 36). The fossils were most abundant in the uppermost sample. 


* A description of the section of well 62 together with a detailed paleontological discussion can be found 
in the work of N. K. Ovechkin (1962). 
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143 
The bulk of the diatom population consists of fragments of several species 


of Pyxilla, Melosira sulcata (Ehr.) Ktz. (group of forms), 
Pseudopodosira bella Possnova et Gleser and Pseudopodosira 
sp. 

There are large amounts of well preserved silicoflagellate skeletons of 
Dictyocha elata var. media Gleserf. media andf. reducta 
Gleser and Distephanus antiquus Gleser. Dictyocha rotundata 
Jousé var. rotundata is frequent, while var. secta Gleser of the 
same species is rare. There are very rare specimens of a form belonging 
to Naviculopsis Freng. and another of Mesocena Ehr. emend. Defl. 

The numbers of silicoflagellates in the other 2 samples are poorer. 


FAR EAST 
Kamchatka 


Silicoflagellates were sought in the marine Neogene deposits of western 
Kamchatka (Kavran series) and eastern Kamchatka (Tyushevka series, the 
Blue Clays suite, the Sand-Clay suite, etc.). 

The marine deposits of the northwest coast of Kamchatka in the Rekinniki 
Inlet have been placed in the Kavran suite. The fine-grained rocks of light 
color and gaizelike structure belong to the upper Kavran subsuite (Kochet- 
kova and Khaikina, 1958). According to these authors the molluskan complex 
(Pecten, Pododesmus, Psephaea, Neptunea) resembles the 
fauna of the Etolon suite of the Kavran bed of the Tigil' area; they con- 
sequently place the upper Kavran subsuite in the Middle Pliocene. 

In the Tigil' area, the Kavran series can be divided into 3 suites. The 
lowermost suite is of a conglomerate nature and contains remains of a 
rich Late Miocene molluskan fauna. The conglomerate suite is continuously 
overlain by the Kakertok suite, which consists of fine-grained sandstones, 
diatomites and gaizes. Krishtofovich (1959) writes that the Kakertok suite 
was placed in the Lower Pliocene because of its stratigraphic position and 
the presence of species common to the overlying Etolon suite of the Middle 
Pliocene. Lithologically and paleontologically, the Kakertok suite is 
closest to the Kurasi suite and the lower part of the Maruyamu suite of 
southern Sakhalin, which belong to the Okokykai stage of the Late Miocene, 
and corresponds to the Oiwaka series of the Pliocene of Hokkaido. In 
Kamchatka, the boundary between the Miocene and Pliocene has been placed 
tentatively within the Kakertok suite. 

On the east coast of Kamchatka, the rocks of the Tyushevka series occur 
in the area of the isthmus of the Kronoki peninsula and near Ust'-Kamchatsk. 
The rocks of this series consist mainly of sandstones, argillites and 
diatomites. Gryaznov (1959) distinguishes between the 3 following suites. 
The lower — Ol'ga — suite consists of argillites, siltstones and diatomites; 
judging from the molluskan fauna, it belongs to the Early — Middle Miocene. 
The middle — Talovaya — suite is composed of interbedded sandstones, 
argillites and diatomites; it belongs to the Middle Miocene. The upper — 
Rakitin — suite consists of conglomerates, tuffs and sandstones with shells; 
according to the fauna, it is placed in the Late Miocene— Early Pliocene. 
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Samples were examined from the basin of the Bukhtovaya River, the east 
coast of the Penzhina Inlet, the Kavran series, the Rekinniki Inlet area 
(from the collection of A. D. Kochetkova, 1954), the Kakertok suite, Napana 
River in the Tigil' area (from the collection of L. V. Krishtofovich, 1957), 
the Tyushevka series of the Opala and Savana rivers (from the collection of 
V. L. Vdovenko, 1957), the argillaceous slates of the Miocene of the Volch'ya 
and Valunnaya rivers (from the collection of L. P.Gryaznov, 1952), the 
Tyushevka series rocks of the Ol'ga River (from the collection of V.N. 
Sarsadskikh, 1954), and from Neogene rocks of the Ust'-Kamchatsk area 
(from the collection of A.I. Yudin, 1953). 

Silicoflagellates were absent from most of the samples. 


TABLE 37. Results of microscopic examination of samples from Neogene deposits of Kamchatka 


Tyushevka 
series 


Napana 


Savana 


River, River area, 
Rekinniki Inlet, Kakertok ; Volch'ya 
F i basin : 

Etolon suite suite f collec- River 

Species (from collection (from ( 2 tion of (from 
of Kochetkova) collection - i Yudin) collec- 

’ tion of P 
of Krish- tion of 


tofovich) 


Dictyocha fibula Ehr. var. fi- 
brela, Ss fibula:t sees oe eee 

D. {. var. pentagona Schulz 

Distephanus cruz (Ehr.) Hiick. 


D. octonarius var. polyactis 
(lore:)Gieser 22° Ors 
D. speculum (Ehr.) Hack. 
Wale SPECULUM. oe ats. cues, * 
D. s. var. pentagonus Lemm. 
D. s. var. septenarius (Ehr.) 
DOUG tee Mh het Upceh hel <gyes 7 
s. var. cannopiloides 
(Pr. —Lavr.) Gleser . 


145 As Table 37 shows, a few silicoflagellate skeletons were encountered in 


several samples from the Etolon and Kakertok suites of the Kavran series 
in the west and the Tyusheka series in eastern Kamchatka. 

The largest amount of silicoflagellate skeletons was found in the Kakertok 
suite of the Napana River (sample 267 from the collection of L. V. Krishto- 
fovich). Characteristic of the Napana complex is the large number of 
Distephanus crux (Ehr.) Hack. var. crux along with isolated f. 
cannopiloides of D. speculum (Ehr.) Hack. D. crux (Ehr.) Hack. 


155 


var. Crux occurs also in the samples from the Etolon suite of the east 
coast of the Rekinniki Inlet, but in much smaller amounts; it is the only 
silicoflagellate found in sample 186d, where its frequency is rare. 

Sample 186a contains D. crux (Ehr.) Hack. var. crux as well as 
isolated specimens of Dictyocha fibula Ehr. var. fibula f. fibula, 
var. pentagona Schulz, and Distephanus speculum (Ehr.) Hack. 
var. speculum. 

A limited number of skeletons of 2 varieties of Distephanus 
speculum (Ehr.) Hack. — var. speculum and var. septenarius 
(Ehr.) Jorg. — and D. octonarius var. polyactis (Jérg.) Gleser 
were found in the sandstone-gravel rocks of the Ust'-Kamchatsk area 
(sample 1885 from the collection of A. I. Yudin). 

The clayish slate of Volch'ya River in the Kronoki area (sample 187/745 
from the collection of L. P. Gryaznov) contains isolated skeletons of D. 
speculum (Ehr.) Hack. var. speculum. 


Kwrilexisiands 


According to V. M. Nikol'skii (1959), the tuff diatomites of the Kurile 
Islands belong to the Kuibyshev subsuite of the Iturup series which is of 
Miocene age. 

The diatomites found by Yu.S. Zhelubovskii near the town of Kurilsk 
and Lake Blagodatnoe on Iturup Island contain a Late Pliocene diatom flora 
(Zhuze, 1959). The age of the flora was determined on the basis of its 
similarity to the Quaternary and Recent floras of the Far East. 

Two samples of the diatomite of Iturup Island (nos. 1003 and 1041 of the 
collection of Yu. S. Zhelubovskii) contained only a few silicoflagellate forms 
(Table 38). The cold-water silicoflagellate Distephanus speculum 
(Ehr.) Hack. var. speculum predominates in both samples, showing a 
considerable degree of development. Sample 1041 also contains f. canno- 
piloides of this species. On the other hand, isolated skeletons of 
Dictyocha fibula var. pentagona Schulz are found only in 
sample 1003. 


TABLE 38. Results of microscopic examination of samples from Iturup Island, the Kurile 
Islands (from the collection of Yu. S. Zhelubovskii, 1951) 


Sample no, 


Species 1003 1041 


diatomite 


Dictyocha fibula var. pentagona Schulz. .......... 
Distephanus speculum (Ehr.) Hack. var. speculum... .. . 
D. s. var. cannopiloides (Pr.—Lavr.) Gleser ........ 
Ds. var.“ pentagonus emm=* 4s 9 eae ees ce Poe ee 
Dies Hvar. séptenanines) (Ebr:) J Orga es pecces tos Shes leeds 
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Sakhalin 


Marine Neogene sediments are widespread on Sakhalin. The lithological 
and paleontological features of Tertiary deposits of Sakhalin make necessary 
the preparation of separate stratigraphic schemes for different parts of 
the island. The age and boundaries of established suites are still poorly 
defined, and there are contradictory views on the relationship of the 
different sections (Alekseichik, 1959). 

Among marine Neogene deposits of the Shmidt peninsula, the Diatom suite 
is characterized by a high content of organogenic sili: 1 (Ratnovskii, 1960). 
Ratnovskii includes sediments of the west coast of the peninsula in the 
Diatom suite, while others (Smekhov, 1953) place these sediments in the 
Mayam-Raf suite. 

According to Ratnovskii, the Diatom suite is most evident in the central 
part of the peninsula. It consists of gray, light gray, coarse, gaizelike 
silty clays. Argillaceous, silty and pure diatomites occupy a smaller part 
of the section of this suite, whose thickness ranges from 700 m on the west 
coast to 1,000 m in the central part of the peninsula. 

Ratnovskii places the Diatom suite in the Late Miocene on the basis of the 
presence of Yoldia thraciaeformis (Storer), Macoma optiva 
(Yok.), M. balthica L., Nuculana majamraphensis Khom., etc. 

In a study of the diatoms of this suite, Zabelina (1934) notes the 
similarity in the species composition of the Diatom suite, the deposits 
of the eastern coast of Kamchatka and diatomites of the Late Miocene — 
Early Pliocene of central Japan. Here dominate marine species: Thalas - 
siosira decipiens (Grun.) Jorg., Pyxidicula weyprechtii 
Grun., Stephanopyxis turris var. cylindrus Grun., Melosira 
sulcata var. biseriata Grun., Chaetoceros mitra (Bail.) Cl. 
(spores), Coscinodiscus impolitus Rattr., C. marginatus Ehr., 
Actinoptychus undulatus (Bail.) Ralfs, etc. Distephanus 
speculum (Ehr.) Hack is frequent in this suite. 

On the west coast of Shmidt peninsula, Smekhov (1953) established the 
Mayam-Raf suite, which he placed in the Late Miocene. This author 
regards the Diatom suite as part of the Early Pliocene, as indicated by the 
finding in the lower part of the suite along Pil' River of species such as 
Pacpeyma beckia Dall, Macoma balthica L., M.. solidula Pult., 
M. calcarea Gmel., Pecten (Patinopecten) jessoensis Jay, 
Yoldia supraoregona Khom., Saxicava arctica L., and Natica 
(Tectonatica) clausa Brod. et Sow. 

Zhuze (1959, 1962) described an Early Pliocene diatom complex from the 
Diatom suite of the Shmidt peninsula. This author notes the presence of the 
following typical Early Pliocene species: Trachysphenia australis 
Petit, Synedra jouseana Sheshukova, Xystotheca hustedtii 
Hanna, Chaetoceros cf. cinctus Gran, and Cosmiodiscus 
insignis Jousé. There are considerable amounts of such Middle Pliocene 
species as Thalassiosira zabelinae Jousé, T. usatschevii 
Jousé, and T. haynaldiella Jousé. 

In southern Sakhalin, the marine Neogene deposits are divided into the 
Kurasi suite and the overlying part of the Maruyama suite (Ratnovskii, 
1960). The upper part of the Maruyama suite consists of freshwater- 
marine and continental facies. 
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Deposits of the Kurgai suite are most developed on the west coast of the 
island. According to Smekhov (1953), they consist of dark gray and violet- 
gray argillites with sparse interlayers of sandstones. Macroscopically, 
the argillites of the Kurasi suite resemble the gaizelike rocks of the 
overlying Maruyama suite. Judging from the molluskan fauna, Smekhov 
places the rocks of the Kurasi suite in the Late Miocene, as does Evseev 
(1959) who distinguishes between 2 layers containing, respectively, 
Thyasira bisecta (Conr.) var. humila L. Krisht. and Pecten 
subyessoensis Yok. 

The Maruyama suite is more widespread in the eastern part of the 
peninsula. It consists of light-colored sands and loose sandstones which 
alternate with members of bluish gray clays. In the middle part of the 
section there are interlayers of clayish diatomites, and in the Chekhov 
and Nevel'sk areas almost pure diatomites and gaizes. 

Smekhoy regards this suite as Late Miocene—Pliocene. Evseev (1959) 
distinguishes in ita Laevicardium taracaicum (Yok.) bed anda 
Pecten (Fortipecten) takahashii Yok. bed, and places the 
Maruyama suite of the eastern coast in the Early Pliocene. Zhuze (1959; 
1962) found diatoms in southern Sakhalin belonging to the Late Miocene 
(Pozharskoe village, Lopatino station, Lyutoga River) and the Middle 
Pliocene (Aniva area, Ogon'ki). According to Sheshukova-Poretskaya 
(1959), the diatom species composition of the Kurasi and Maruyama suites 
of the Makarov and Nevel'sk areas are very similar; minor differences in 
the degree of development of certain forms are due to features of the facies 
and are not a result of different ages of the floras. Judging from the diatom 
flora, the deposits of the Kurasi and Maruyama suites were formed in the 
neritic zone of the sea, which is shallower on the eastern coast of the island. 

Microscopic studies were made of samples from the Diatom and Mayam- 
Raf suites of the Shmidt peninsula (collections of O.S. Korotkevich, 1957, 1958; 
N.S. Erofeeva, 1955; T. D. Bazanova, 1956; I. I. Ratnovskii, 1951, and 
N. B. Vassoevich), from the Maruyama and Kurasi suites of southern 
Sakhalin (collections of O.S.Korotkevich, 1957, 1958; I. G. Grinberg, 1951; 
V. N. Kirkinskaya, K.P. Evseev), as well as several preparations from 
the dried diatom collection of MGU. 
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Northern Sakhalin, Shmidt peninsula 


A series of samples was examined from 3 sections in the peninsula: 
one northern (Machigar) and two western profiles. 


Machigar section of Miocene deposits 
(collected by N.B.Vassoevich) 
Mayam-Raf (Diatom) suite 
Bed 374, Light-colored with a brownish tinge, sandy clays, soft when 


moist (sometimes gaizelike when dry), apparently with glauconite and 
foraminifers (or radiolarians?); rare Yoldia sp. and plant detritus. 
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Clays are silty in upper member, appear greenish when moist; although 
devoid of interlayers, the clays contain sandy-silty lenticles. Thickness 
175.0 m. 

Bed 375. Clays with separate lenticles of sandy-silty material and 
with very sparse pebbles. 

The clays are greenish gray when moist; in joints jarosite and small 
crystals of gypsum are found. Remains of fish and plants, and a shell of 
a gastropod were encountered. Thickness 88.0 m. 

Bed 376. Grayish green, sandy-silty clays (gaizelike when dry), with 
separate sandy-silty lenticles, very sparse pebbles, plant detritus and 
rare shells of the pelecypod Nuculana majamraphensis Khom. 
(determined by L. V. Krishtofovich). On washing, numerous diatoms were 
found in the clays. Weathering changes the greenish color to a brown 
(chocolate brown) and later a whitish color. Ina dry state the rock is 
whitish and sticky to the tongue. Thickness 280.0 m. 

Bed 377 (Gap — 62 m). 

Bed 378. Silty, chocolate gray, unlaminated clays, invariably with 
jarosite at the joints. Sandy-silty lenticles and shells of the pelecypods 
Nuculana majamraphensis Khom., Macoma cf. calcarea 
Gmel., and Yoldia sp. (determined by L. V. Krishtofovich) are encoun- 
tered now and then. In the dry state the clays are whitish, fragile, and 
easily soiled. 
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The following samples were examined: 90, 91, 92 from bed 374; 
95 from bed 375; 96, 97, 98, 99, 100, 101, 102 and 103 from bed 376; 
105 from bed 378. 

Table 39 shows the composition of the silicoflagellate flora of the 
Diatom suite of the Machigar section. 

A total of 12 silicoflagellate species, varieties and forms were 
determined. The occurrence of Distephanus speculum (Ehr.) 

Hack. var. speculum ranges from very rare to rare throughout the 
section; other varieties of this species are found very rarely only in some 
samples, except for D. speculum var. pentagonus Lemm., which is 
numerous in sample 96. Thef.cannopiloides of Distephanus 
speculum (Ehr.) Hack. is numerous in the lowermost part of the suite 
(sample 90) and more scarce at the top (sample 101). Another species of 
Distephanus — D. crux (Ehr.) Hack. var. crux — has a limited 
distribution, being confined to the bottom of the suite where it is a dominant 
form and is abundant. Of some interest is the distribution of Dictyocha 
fibula Ehr. var. fibula f. fibula. This form occurs in nearly all 

the samples, except for samples from the middle part of the suite (100, 
98, 97). The skeletons of this silicoflagellate are frequent and common 

in the lower part of the suite (samples 92 and 91); elsewhere in the section 
they are very rare or rare. Both varieties of Paradictyocha poly- 
actis Freng. are confined to the lower part of the suite, where their 
occurrence ranges from very rare to rare. 

At the bottom of the Machigar section (sample 90) there is a characteristic 
complex of silicoflagellates with high numbers of Distephanus crux 
(Ehr.) Hack. var. crux; this species dominates here together with 
smaller amounts of various f. cannopiloides of D.speculum (Ehr.) 
Hack. Other forms (D. speculum (Ehr.) Hack. var. speculum and 
Dictyocha fibula Ehr. var. fibula f. fibula) are represented here 
in small numbers of specimens. 
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A second silicoflagellate complex (samples 91 and 92) is located higher 
in the section. Here the warmwater silicoflagellate D. fibula Ehr. var. 
fibula f. fibula dominates, accompanied by isolated specimens of 
2 varieties of the extinct species Paradictyocha polyactis Freng. 
which, according to the literature, is confined to the Miocene. The 
presence of both varieties in an overlying stratum (sample 96) is a trait 
shared with the more ancient flora. On the other hand, changes in the 
environment are reflected in the smaller amounts of D. fibula Ehr. var. 
fibula f. fibula and large amounts of Distephanus speculum 
var. pentagonus Lemm. In the middle part of the section, Dictyocha 
fibula Ehr. var. fibula f. fibula almost disappears (samples 97, 98, 
99, 100), and Distephanus speculum (Ehr.) Hack. var. speculum 
is very rare or rare. At the top of the suite (samples 101, 102, 103, 105) 
there is a silicoflagellate complex characterized by rather low and almost 
equal numbers of the warmwater Dictyocha fibula Ehr. var. fibula 
f. fibula and the cold-water Distephanus speculum (Ehr.) Hack. 
var. speculum. In addition, sample 101 shows several other varieties 
of Distephanus speculum (Ehr.) Hack. and a considerable assortment 
of f. cannopiloides of this species. Isolated skeletons of the latter 
form are also found in samples 103 and 105. 

In addition to the series of consecutive samples from the Machigar 
section, separate samples were examined from the Diatom suite of different 
parts of the Shmidt peninsula, suchas the basins of the Kongiand Tumirivers, 
the Kongi River, Lake Machigar, as well as from the Troptun and Longi 
rivers and from the eastern coast of the peninsula. 
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Basin of the Kongi and Tumi rivers 


The following description is based on 3 samples from the collection of 
N.S. Erofeev (nos. 148, 294, 477) and 3 preparations from the dried diatom 
collection at MGU (nos. 179, 180, 181) (Table 40). 

A characteristic feature of the complex in samples 294 and 181 (the 
latter has been placed conditionally in the Late Miocene on the basis of 
the diatom flora) is the predominance of Distephanus crux (Ehr.) 
Hack. var. crux and D. speculum var. cannopiloides (Pr.-Lavr.) 
Gleser. On these grounds, this complex can be related to that found in the 
lower part of the Diatom suite of the Machigar section (sample 90). It is 
true that sample 294 contains considerable amounts of Distephanus 
speculum (Ehr.) Hack. var. speculum and is dominated by D. specu- 
lum var. cannopiloides (Pr.-Lavr.) Gleser rather than D. crux 
(Ehr.) Hack. var. crux. The density of silicoflagellates in both samples 
is lower than in the Machigar section. 

Sample 179 from the Kongi and Tumi rivers apparently comes from the 
overlying strata of the lower part of the Diatom suite because of the sharp 
predomination of the skeletons of Dictyocha fibula Ehr. var. fibula 
f. fibula (common) over those of Distephanus speculum (Enhr.) 
Hack. var. speculum, as in the case of samples 91 and 92 from the 
bottom of the Machigar section. The complex from the Kongi and Tumi 
rivers is distinguished by the presence of rare specimens of Distephanus 
japonicus f. pseudofibula (Schulz) Gleser and very rare skeletons of 
Distephanus crux (Ehr.) Hack. var. crux. 
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Samples 148, 477 and 180 apparently correspond to the upper part of the 
Diatom suite of the Machigar section. This material contains a roughly 
equal amount of Dictyocha fibula Ehr. var. fibula f. fibula and 
Distephanus speculum (Ehr.) Hack. var. speculum. However, 
the density of silicoflagellates is greater in samples 148 and 180. 


Basin of theTroptun‘and*Loengi miver's 


A characteristic silicoflagellate flora was encountered in one sample 
(no. 509, collected by Erofeev) from this area. Distephanus japoni- 
cus f. pseudofibula (Schulz) Gleser dominates here; two other forms — 
D. japonicus (Defl.) Gleser f. japonicus and D. speculum (Enhr.) 
Hack. var. speculum — appear in negligible amounts (Table 40). 

Sample 178 (diatom collection of MGU) from an unknown locality inthe 
Shmidt peninsula contains a similar silicoflagellate flora which also 
includes isolated skeletons of Paradictyocha polyactis Freng. f. 
polyactis and Distephanus speculum var. cannopiloides 
(Pr.-Lavr.) Gleser. 


Basin of the Kongi River and Lake Machigar 


The silicoflagellate flora was examined in preparation 182 of the dried 
collection of MGU. Distephanus speculum var. septenarius 
(Ehr.) Jorg. is the dominant form (frequent); the remaining silicoflagellates 
are encountered in negligible numbers (Table 40). 
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Rastern coast of the’ Shmidt peninsula 


Only 3 silicoflagellate forms were determined in 2 samples (nos. 236 and 
238) from the collection of L. V. Krishtofovich (Table 40). 

The skeletons of Distephanus speculum var. cannopiloides 
(Pr.-Lavr.) Gleser are distinguished by their large size and the presence 
of supporting spines. 

The silicoflagellate complex of the east coast corresponds to that found 
in the upper part of the Diatom suite of the Machigar section (sample 101). 


Western coast of the Shmidt peninsula, south 
of the mouth of the Pil' River (from the 
collection of N. B.Vassoevich) 


Mayam-Raf suite 


Bed 92. Silty, light gray clays with rare and very small sandy-silty 
lenticles and a very sparse pebble. Imprints of small pelecypods. Diatoms 
are present. 
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Bed 93. Thickness 5.5m. A horizon of carbonate concretions. 
Bed 94. A gap of 11.5 m. 
Bed 95. Strongly argillaceous sandstones with sparse imprints of 


_pelecypods passing into sandy clays with greater numbers of diatom 
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frustules; pebbles encountered. Thickness 37 m. 

Bed 96. Sandy-silty clays with small separate sandy-silty lenticles. 
Thickness 15 m. 

Bed 97. Similar gray clays, with diatom frustules, radiolarian 
skeletons, less frequently sponge spicules. Thickness 25 m. 

Bed 98. The rocks appear to be argillaceous diatomites (light, slightly 
sticky to the tongue). In the fault scarp, the light-colored rocks become 
somewhat darker downward. Thickness 37 m. 

Bed 99. Sandy-silty clays, occasionally less sandy and lighter, contain- 
ing diatom frustules, sparse, small, sandy-silty lenticles and pebble. 
Thickness 41 m. 

Bed 100. Two strata of sandstone with intervening clay member. 
Thickness 1.5 m. 

Bed 101. Calcareous sandstone of concretionary type. Thickness 
0.5 m. 

Bed 102. Silty clays with small, irregularly shaped sandy-silty lenticles. 
The clays contain rich diatom deposits. Thickness 42 m. 

Bed 103. Silty clays with diatom frustules. In the outcrop, the bed is 
moist and consequently darker. Thickness 0.1 m. 

Bed 104. Sandy-silty, unlaminated clay, with plant detritus and diatom 
remains. Thickness 0.5 m. 

Bed 105. Silty clays with diatom frustules and sparse pelecypod shells. 
Thickness 19 m. 


Silicoflagellates were determined in 6 samples from this profile: no. 98, 
bed 92; no. 99, bed 96; no. 100, bed 99, and samples 105, 110 and 115 
(collection of O.S. Korotkevich, 1958) (Table 41). There were 5 species, 
varieties and forms, represented by very rare or rare specimens. 


TABLE 41. Results of microscopic examination of samples from the Mayam-Raf suite of the 
west coast of the Shmidt peninsula, northern Sakhalin (from the collection of O. S. Korotkevich, 


1958) 
Sample no. 
cae Mis; CORRS aes | 100 99 98 
Species 4 
sandy-silty cla ye 
pee yaceey clay clay clay 
Dictyocha fibula Ebr. var. fibula 

fo fibulas soe Gees on Fe eee 1 - 2 2s — 
D. f. var. pentagona Schulz... . _ 1 — — — => 
Distephanus speculum (Ehr.) Hack. 

Vals (SPECWIUR: «.\rs..-9 4° 1 -— 1 1 1 
D. s. var. pentagonus Lemm. . . 1 — _ — 1 =. 
Paradictyocha polyactis Freng. f{. po- 

Ts ee | ER ee toe 1 -- — 1 = 


Dictyocha fibula Ehr. var. fibula f. fibula predominates in all 
samples except 98 and 105. The varieties of Distephanus speculum 
(Ehr.) Hack. are either absent (samples 100 and 110) or appear as isolated 
skeletons. Two samples (100 and 115) contain isolated skeletons of 
Paradictyvocha polyaetis<kreng. f. polyactis. 

A silicoflagellate flora of analogous composition occurs in another 
profile on the west coast of the Shmidt peninsula (Table 42). 
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TABLE 42. Results of microscopic examination of samples from the Mayam-Raf suite of 
northern Sakhalin on the west cost of the Shmidt peninsula (from the collection of O.S. Korot- 
kevich, 1958) 


Sample no. 


150 | 145 


163 | 160 | 155 140 | 135 | 130 | 125 | 120 


Species 


sandy-silty clay 


Dictyocha ausonia Defl.. ...... 
D. fibula Ebr. var. fibula f. fibula 
D. f. var. pentagona Schulz. . 
Distephanus speculum (Ehr.) Hick. var. 
specu Ce be te tees Pt ee 
D. s. var. pentagonus Lemm. 
Paradictyocha polyactis Freng. f. poly- 


fe = 3 


Silicoflagellate skeletons are very scarce in the 10 samples examined 
from the collection of O.S. Korotkevich (1958). In addition to the forms 
determined in the preceding profile, this material contains Dictyocha 
ausonia Defl. (sample 150). In the upper part of the suite (samples 
140, 150, 160), skeletons of Dictyocha fibula Ehr. var. fibula f. 
fibula predominate, while Distephanus speculum (Ehr.) Hack. 
var. speculum asvery rare: 

These two species appear in approximately the same numbers in 
sample 135. Dictyocha fibula Ehr. is represented here by 2 varieties: 
var. fibula f. fibula (very rare) and var. pentagona Schulz (rare). 

In the lower part of the suite (samples 120, 125, 130) the density of 
silicoflagellates is so low that no conclusions could be drawn. 

Qualitatively and quantitatively, this silicoflagellate flora resembles that 
of the Mayam-Raf suite as represented in the collection of T. D. Bazanova 
and I. I. Ratnovskii (Table 43). 

Despite the scarcity of silicoflagellates in rocks of the Mayam- Raf 
suite, it can be assumed that the silicoflagellate complex of this suite 
is analogous to the corresponding flora of that part of the Diatom suite 
of the Machigar section (samples 91 and 92) where the warmwater Dictyo- 
cha fibula Ehr. var. fibula f. fibula predominates over the cold- 
water Distephanus speculum (Ehr.) Hack. var. speculum. 


153 


154 


165 


TABLE 43. Results of microscopic examination of samples from the Mayam-Raf suite of 
northern Sakhalin 


Sample no. 


collection of T. D. Bazanova 


Species 20 (outcrop 20) 
(collection of 


I.I.Ratnovskii) 


Dictyocha fibula Ehr. var. fibula f. fibula 
DD a fae NidTers DERIC ION SCOUIZ ite lend) Gon oevdts 2 
Distephanus japonicus f. pseudofibula (Schulz) 
Giksergre eee es os ees 
D. speculum (Ehr.) Hack. var. speculum . 
D. s. var. cannopiloides (Pr.-Lavr.) Gleser. 
D. s. var. pentagonus Lemm. ...... . 
Paradictyocha polyactis Freng. !. polyactis 
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_ 
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Southern Sakhalin 


In the southern part of the island, silicoflagellate skeletons were found 
only in the rocks of the Maruyama suite. No trace of silicoflagellates was 
detected in the samples from the Kurasi suite of the Arakai River in the 
Chekhov area or from the Chinnat area. 


Bryansk deposit of diatomites 


The deposits of the Bryansk group are situated on the territory of the 
Aniva area in the basin of the Lyutoga River. 

These diatomites are associated with the Diatom (Maruyama, according 
to Smekhov, 1953) suite of the Pliocene. They are clearly exposed on the 
steep banks of the Lyutoga and its tributaries. The suite lies intermittently 
on the eroded surface of more ancient formations. In the valley of the 
Lyutoga, the bottom of the Maruyama suite consists of basal conglomerates 
which gradually pass into thick (probably about 500— 800 m) diatomaceous 
deposits (T.I. Anodin). 

Highest horizons of the Maruyama suite have been established by A. V. 
Podzorov and S. A. Chalevskii at point 11 situated on the right bank of the 
Podgornaya River, a tributary of the Lyutoga. This outcrop is about 30 m 
high and 70 m long. It consists of a water-saturated, unfissured rock of 
light gray color with a yellow-green tinge. The rock has a silty structure 
and no visible laminations; it is soft (it soils the fingers) but has con- 
siderable viscosity. 

Samples 1034 and 1035 of the collection of O.S. Korotkevich (Table 44) 
from point 11 (outcrop 2) were examined. No silicoflagellates were found 
in sample 1035. Distephanus speculum (Ehr.) Hack. var. speculum 
predominates in sample 1034, which also contains isolated skeletons of 
D. speculum var. pentagonus Lemm. and Dictyocha fibula Ehr. 
var. fibula £.. fibula. 
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TABLE 44. Results of microscopic examination of samples from the Maruyama suite of 
southern Sakhalin 


Podgornaya} Lyutoga a. 
. . ‘ cm 8) is] 

River, River, Lyutoga [u's s|5‘6 al 2 9 

point 11 point 14 River |Z § 2 6 on = 

Sa Mie a alas 

Species MGU jeSsle 3 ae, 
collection of collection) |: 3 os = Sa Soe 
: ° : 10s 0 
O.S. Korotkevich ZOOS’ Sdae Za 

sample no, 


1034 | 1035 | 1048 | 1049 | 186 | 197 | 362 | 9230 | 191 


Dictyocha fibula Ehr. var. fibula 


RMS i Cope ok sae ale vee MeN (pees lee a (ak Te reat | OS cea ee 
Distephanus crux (Ehr.) Hack. var. 

CIEE Grama iias mesa ha ky a. osc ee) ([ose |) eel ee | ee 1 { ae 
D. japonicus f. pseudofibula (Schulz) 

Gilesers.... aston gi eG wk el Genet — — — — = = pas ~ 6 
D. speculum (Ehr.) Hack. var. spe- 

CHD econ eatgam smrremelaetpng, rarer aE > = 4 4 3 1 >) i} 2 
D. s. var. cannopiloides (Pr.-Layr.) 

GL OSON settle he ch ate wes. ee — —_ 1 1 — _ = — = 
D. s. var. pentagonus Lemm. 1 — 1 2 —_ = = — tad 
D. s. var. septenarius (Ehr.) Jorg. | — | — | — = <a2 roe = oes 1 
Paradictyocha polyactis Freng. f. po- 

WAEREUS te ss ciate ae ae a apathy -- — — 1 -- — = _— = 
P. p. {. mesocenoidea Freng. . . . | — — = = eats || 1 a! 1 


Point 14 lies on the left bank of the Lyutoga where the outcrop is 30 m 
high and 300 m long. Lithologically, the outcrop consists of siltstones (or 
sandstones? ). Examination of samples 1048 and 1049 from this outcrop 
revealed only 5 silicoflagellate forms; as in sample 1034 from point 11, 
the only numerous silicoflagellate is Distephanus speculum (Ehr.) 
Hack: var; speculum - 

Skeletons of Distephanus speculum (Ehr.) Hack. var. speculum 
predominate here and in other samples from the Maruyama suite (prepara- 
tion 186, MGU, from the Lyutoga River and sample 362 from the Kosinai River, 
collection of V.1I. Kirkinskaya, 1949—1950). Analogous silicoflagellates 
were encountered in the area of the Susui River (preparation 189, MGU) 
and near Pozharskoe village (preparation 190, MGU). 

This silicoflagellate complex corresponds well with that found in the 
middle part of the Diatom suite of the Machigar profile of the Shmidt peninsula 
not only with respect to taxonomic composition but also in the very high 
numbers of skeletons of the cold-loving species Distephanus speculum 
(Ehr.) Hack. 

Only isolated skeletons of silicoflagellates were found in other samples 
of the Maruyama suite (no. 9230 from the Ko-Utori River andno. 187 from the 
Lyutoga River). 


Rervomat ares 
The Pervomai area shows a totally different silicoflagellate flora. 
Distephanus japonicus f. pseudofibula (Schulz) Gleser is the 


dominant form here (Table 44). 
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As the list shows, a similar complex containing large amounts of 
D. japonicus f. pseudofibula (Schulz) Gleser was found on Shmidt 
peninsula on the Diatom suite of the Kongi and Tumi, and Troptun and 
Longi rivers. 
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5. EVOLUTION OF SILICOFLAGELLATE FLORA 


Analysis of the material studied and of publications allows us to follow 
the successive stages of development of silicoflagellate flora from the 
Upper Cretaceous to Recent time. 


SILICOFLAGELLATES OF THE MESOZOIC 


The earliest silicoflagellate flora studied dates from the Upper 
Cretaceous. Because of the relative variety in the composition of this 
flora and the fairly complex morphology of some of its forms it can be 
assumed that silicoflagellates appeared before the Upper Cretaceous. 
Thus, Schulz (1928) citing Rotpletz (1880, p. 454, Table XXI, Figures 2— 4) 
writes that silicoflagellates existed as long ago as the Silurian. 

However, the few published reports of older origin usually represent 
accidental findings and are generally unreliable. 

The two silicoflagellate species, Mesocena polymorpha var. 
triangula (Ehr.) Lemm. and Distephanus speculum (Ehr.) Hack., 
described by Zanon (1934) from the Triassic of Italy are actually of exo- 
genous nature, as Deflandre (1950) notes. 

The scant data on Jurassic silicoflagellates likewise arouse doubt. 
Deflandre (1950) does not consider the fossils found by Gumbel (1869) in 
Jurassic deposits to be silicoflagellates. Indeed, the original description 
and drawing of the ''Dictyacha analog" in Gumbel (1869, p. 179, 

Table 5) hardly resemble a silicoflagellate skeleton. 

Because of the scarcity of material, it is impossible to say whether the 
skeletal structures found by Rist (1885) in the Jurassic of Germany are 
indeed silicoflagellate fossils (Deflandre, 1950). Judging from the 
description and drawing (Rust, 1885, p. 320, Table 42, Figure 12), the 
fossilstagged "Phaeocystina sp." or 'Distephanus sp." bear no 
resemblance to the genus Distephanus Stohr. 

Not much is known about the silicoflagellates of the Lower Cretaceous. 
This flora was discovered accidentally by Rust (1888). During a study of 
the radiolarians from coprolites of the locality of Zilly (German Democratic 
Republic), Rust found 2 species: Dictyocha trigona Zittel (identical 
to D. triacantha Ehr.) and a single specimen of a damaged skeleton 
which he identified conditionally as Distephanus speculum (Ehr.) 
Hack. On the basis of Rust's drawing, Deflandre (1950) later described 
the latter as an independent species, Corbisema ruestii Defl. 

Upper Cretaceous silicoflagellates are now known from Europe, Asia 
and America. 

The first report of Upper Cretaceous silicoflagellates in Europe 
came from Zittel (1876), who described Dictyocha trigona 
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Zittel (= Dictyocha triacantha Ehr.) from the Senonian of 
Westphalia. 

Schulz (1928) published a detailed description of a well preserved 
Upper Cretaceous silicoflagellate flora on the basis of materials from the 
Gulf of Danzig. These data are also used in the monograph by Gemeinhardt 
(1930) and in a somewhat modified form by Deflandre (1950) in his brief 
outline of Cretaceous silicoflagellates. The list of silicoflagellate fossils 
(Table 45) encountered by the above authors in the Upper Cretaceous 
spongolite deposits of Poland includes forms and varieties of 6 —7 species. 
Quantitative data were not obtained in most of these studies, so it is 


difficult to present an integral picture of the Upper Cretaceous flora of 
Poland. 
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TABLE 45. Distribution of silicoflagellates in the Upper Cretaceous of the USSR, Europe 
and North America* 


Eastern slope Europe 
of the Urals (Poland) 


North America 
(California) 


Species 


1 Vallacerta hannai Defl.. ....... — — 4° 
Z Vi. (ROOM, THAN LA hs 6. Stina wai Be oe + + 
3 Vi. Simplex*Youse 22h? $e. ete Ie 3 + — — 
4 Vix ttumvidulayGlesen gene Eh cel cym icy 2 + — — 
oO | Lyromula junctla WANA. 9%. “ays se + — + 
6 Pesmiples: aad, see eS + — “fp 
7 | Cornua aculeifera Defl.. ....... + == 4. 
8. \s@- ponetzhayae (GleseD ss sc es 4. — — 
9 Ge trifurcata SCBulgs We. coune os Ss sees a +. — 
10 eect deflandrei Freng. . .... . o- +- (?) oo 
{1 DS fioren ta OmsG AN. Lhe pts Se ee 5 ote — -- 
12. | D. archangelskiana (Schulz) Gleser . + 4 — 
be || a quadralta Hanna wi... 816th. B — — == 
ee ID SERULeT Ore RIN) So. HR oe screens — + = 
15 | D. triacantha Ehr. var. triacantha f. tri- 

CRTs "Both “Bata h tere on ee es ints s= =F —_ 
16 | D. t. var. apiculata Lemm. f. apiculata. + +. _ 
17 | D. t. var. apiculata f. minor Schulz. . — -- a 
18 | D. t. var. apiculata f. late-radiata Schulz. + 4 
19 | D. t. var. inermis Lemm. f. inermis. . = oo = 
20 | Corbisema geometrica Hanna ..... _ =F == 


* Plus signs indicate presence and minus signs absence of the given form. 


On the basis of the three-membered structure of the skeleton of the 
dominant forms (Dictyocha triacantha var. apiculata Lemm. f. 
apiculata andf. late-radiata Schulz), Schulz stresses the similarity 
between Upper Cretaceous flora of the Gulf of Danzig and the Paleocene 
flora of the Volga area. It appears, however, that Schulz does not 
sufficiently stress the distinction of the Upper Cretaceous flora consisting 
of the rich development of Vallacerta hortonii Hanna and presence 
a, Cornua trifurcata isSchulz. 

Several works deal with the silicoflagellates of the Upper Cretaceous of 
North America. The first of them (Hanna, 1928a) contains descriptions of 
several new silicoflagellate genera and species from the Moreno formation 
in the Fresno area. As part of a detailed study of the taxonomy and phylo- 
geny of silicoflagellates, Hanna's collection was examined by Deflandre 
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(1950), who placed all the forms described by Hanna in one family, 
Vallacertaceae Defl., which turned out to be characteristic of the 
Cretaceous of California. Mandra (1960) gives a general characterization 
of the silicoflagellate complex which he established in the Moreno 
shales of Fresno county. Mandra places this flora in the Maestrichtian 
on the basis of vertebrate remains. 

Table 45 is a comprehensive list of silicoflagellates found by these 
3 authors. A total of 7 silicoflagellate species were found in the Upper 
Cretaceous of California. Statistical analysis showed that the dominant 
and most abundant forms of the Maestrichtian of California are Lyramula 
furcula Hanna, Vallacerta hortonii Hanna and Corbisema 
geometrica Hanna (Mandra, 1960). 

Upper Cretaceous silicoflagellates in the territory of the USSR were 
discovered relatively recently. The articles of Zhuze (1949a, 1951) 
contain the first information about silicoflagellates of several localities 
on the eastern slope of the Urals and the Trans-Urals. Zhuze published 
descriptions and drawings of 7 forms, inc’ading 2 new species: Valla- 
certa simplex Jousé and Dictyocha furcata Jousé. 

Krotov and Shibkova (1961) stress the wide distribution of silicoflagellate 
skeletons in the Upper Cretaceous deposits of the eastern slope of the 
Urals and of the Trans-Urals. Krotov (1957a, b) mentions, in addition to 
the diatom complex, the following silicoflagellates as characteristic 
elements of the Santonian-Campanian of these areas: Vallacerta 
hortonii Hanna and Lyramula furcula Hanna, ranging in frequency 
from rare to common, and L. simplex Hanna and Corbisema geo- 
metrica Hanna (= Dictyocha archangelskiana (Schulz) Gleser), 
both very rare. 

In a special review of the family Vallacertaceae Defl. (Gleser, 1959), 
an original description is given of all the species occurring in the Santonian- 
Campanian of the eastern slope of the Urals, including 2 new silicoflagel- 
lates (Vallacerta tumidula Gleser and Cornua poretzkajae 
Gleser). 

The silicoflagellate flora of the Santonian-Campanian was examined in 
the following parts of the eastern slope of the Northern and Central Urals, 
the basins of the Nes'- Yugan (a left tributary of the Synya), the Nyais River 
(a left tributary of the Severnaya Sosva), the Leplya River (a right 
tributary of the Severnaya Sosva) and the Loz'va River (South Loz'va 
sector, Pristan' settlement), Serov District (Zamaraisk‘i sector), the 
basin of the Tura River (near the town of Verkhotur'e), and the Bol'shoi 
Aktai and Poludennyi Aktai rivers (Table 46). 

A total of 12 silicoflagellate species, varieties and forms were deter- 
mined, belonging to 4 genera and 3 families — Vallacertaceae Defl., 
Cornuaceae Gem. and Dictyochaceae Lemm. 

Most of the forms (8) belong to the Vallacertaceae Defl. and Cornuaceae 
Gem. These silicoflagellates are divided into 3 genera: Vallacerta 
Hanna, Lyramula Hanna and Cornua Schulz. The most widespread 
species of Vallacerta Hannais V. hortonii Hanna. This silicoflagel- 
late, however, reaches a high density in some localities only. V. simplex 
Jousé and V. tumidula Gleser are much less frequent, and were found 
in great numbers only in the basin of the Tura River. 

Lyramula furcula Hanna is abundant almost everywhere; L. 
simplex Hanna occurs almost everywhere, but at a low density. 
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TABLE 46. Distribution of silicoflagellates in the Santonian-Campanian of the eastern slope 
of the Urals* 


Fe = cf hae 
ere ol «| O  |Basin of the Tura River 
4 OUJO Yrlr Ye sl|E - 0 
~ ie ageless] 5 eres ee w an 
fo (he uy oy aS Oo 
Seel(run HOH H/o FD fea cd [o 
Seals Oslo Fes ls rie ea 
5 ¥ —_ n” 
No, Species aps) ea) one eee > = > 
egies tal aa ats l= 1 hadi Ha ta mu 1° = o & 
Hales gess|s 2 |e = 1s ae [ts tq 
seek! seesles|ss|ssisz lez 
ZXQSR BAR BSIE SION |S 8 tg BIS 
1 Vallacerta hortoniti Hanna| 1 2 { 5 2) 1 5 1 
2 V. simplex Jousé . — 1 = = _ 1 5 — 
3 V. tumidula Gleser 1 — -- { _- 5 — — 
4 | Lyramula furcula Hanna 5 4 5 5 — 5 5 2 
5 | L. simplex Hanna . 3 1 1 2 1 1 1 1 
6 | Cornua aculeifera Dell. -- — _ 1 1 
7 | C. poretzkajae Gleser — 2 -- 2 — — 
8 | C. trifurcata Schulz . 1 1 5 1 2 3 3 2 
9 | Dictyocha  archangelski- 
ana (Schulz) Gleser . . 4 I 
140 | D. triacantha var. apicu- 
lata Lemm. f. apicu- 
i IT RRIRTAN apeN GOR emer OA (ME = 1 ia _ { 1 — 
fF 5) DS te “var.” “apiculate 
f. late-radiata Schulz. | — 1 1 1 _ — 2 _ 
12 | D. t. var. inermis Lemm. 
fe finermts ome. es — 1 | -- — i — 


* Higher estimates of abundance are presented in Tables 46—58. 


Among the species of Cornua Schulz, only C. trifurcata Schulz 
occurs in all the samples, usually at a low density, except in the basin of 
the Leplya River. C.aculeifera Defl. and C. poretzkajae Gleser 
are in the rare category. 

The family Dictyochaceae Lemm. is represented by 2 species, both 
belonging to Dictyocha Ehr. — D. archangelskiana (Schulz) 

Gleser and D. triacantha Ehr. with the following forms: var. inermis 
Lemm. f. inermig, var.°apiculata Lemm. f. apiculata and f. 
late-radiata Schulz. Representatives of the Dictyochaceae Lemm. 
occur sporadically in amounts ranging from very rare to rare. 

The general character of the flora remains unchanged throughout the 
territory despite fluctuations in species composition and numbers of 
certain forms. 

In the northernmost locality — the basin of the Nes'-Yugan River — only 
Lyramula furcula Hanna is abundant, while L. simplex Hanna is 
encountered in greater amounts than elsewhere. Similarly, L.furcula 
Hanna is the only abundant species in the basin of the Nyais River. The 
complex of Leplya River is characterized not only by the abundance of 
L. furcula Hanna, but also the very frequent occurrence of Cornua 
trifurcata Schulz, which was not found in other areas. Moreover, the 
rare species C. poretzkajae Gleser is found in the basin of the Leplya. 
The flora of the Loz'va River near Pristan' is dominated by 2 species: 
Vallacerta hortonii Hanna and Lyramula furcula Hanna. 

The silicoflagellate flora of the Serov District is on the whole very poor. 
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Occasionally Vallacerta hortonii Hanna and Cornua trifurcata 
Hanna predominate over the remaining forms. Lyramula furcula 
Hanna and Vallacerta tumidula Gleser dominate the complex of the 
Verkhotur'e area, which also includes the rare species Cornua poretz- 
kajae Gleser. 

Large amounts of Lyramula furcula Hanna, Vallacerta 
hortonii Hanna and V. simplex Jousé occur in the area of the Bol'shoi 
Aktai. This is the only locality where the latter species was found in large 
numbers. The complex of the Poludennyi Aktai is relatively poor; 
Lyramula furcula Hanna and Cornua trifurcata Schulz are 
dominant forms but are never more than rare in occurrence. 

Because of the scarcity of material possible changes of the silico- 
flagellate flora of the eastern slope of the Urals during the Santonian- 
Campanian cannot be discussed. Closely similar silicoflagellate complexes 
were found in the examined part of the Slavgorod suite covering a depth of 
about 53 m in well 268 near Pristan' on the Loz'va (Table 12). A study of 
the Slavgorod suite of well 13 near Verkhotur'e at 1-m intervals showed 
no significant quantitative or qualitative changes in the silicoflagellate flora 
from bottom to top of the section (Table 18). 

A comparison of our data with those of Zhuze (1949a, 1951), Krotov and 
Shibkova (1961) and Krotov (1957a, b) concerning the eastern slope of the 
Urals shows that the Upper Cretaceous silicoflagellate flora is fairly uniform 
in kind and numbers; the families Vallacertaceae Defl. and Cornuaceae 
Gem. predominate everywhere, while species of Dictyochaceae occupy a 
subordinate position. 

The general nature of the flora is the same in the Turgai Gates — the 
southernmost location of Upper Cretaceous silicoflagellates (Krotov and 
Shibkova, 1961). 

The literature provides some additional information on the composition 
of the Upper Cretaceous silicoflagellate flora. Thus, Dictyocha 
furcata Jousé, described from Upper Cretaceous deposits of the Bol'shoi 
Aktai River as frequent, was not found in our material; isolated specimens 
of this silicoflagellate were found in the basins of the Nyais and the Pelym 
rivers (Krotov and Shibkova, 1961). In addition, Krotov and Shibkova 
reported very rare to rare specimens of D. triacantha Ehr. var. 
triacantha f. triacantha from the eastern slope of the Northern and 
Central Urals, but this form does not appear in our materials. 

Thus, the Upper Cretaceous silicoflagellate flora of the eastern slope of 
the Urals consists of 14 species and varieties. Some features of this flora 
are exposed by comparison with the above-mentioned floras of Poland and 
California. 

Table 45 shows that the Upper Cretaceous flora of the Urals includes 
mainly forms which also existed in the Upper Cretaceous of other areas. 
Thus, 14 of the 20 species and varieties described from the Upper Creta- 
ceous were encountered on the eastern slope of the Urals. The flora of 
the Urals has 7 species and varieties in common with the flora of 
Europe, and 4 in common with the Californian flora. One species, 
Vallacerta hortonii, is known from the Upper Cretaceous flora of 
all three regions. Pentagonal skeletons in this species predominate not 
only in the Urals, but also in Poland and California; tetragonal and 
hexagonal forms are very rare. The following features are specific to 
the flora of the Urals: 1) 4 silicoflagellate species (Vallacerta 
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simplex Jousé, V.tumidula Gleser, Cornua poretzkajae 
Gleser, Dictyocha furcata Jousé) appear to be endemic as they are 
reported only from the Urals; 2) several species and varieties described 
from the Upper Cretaceous of Europe (Dictyocha triacantha 

var. triacantha f. minor Schulz, D.deflandrei Freng., D. 
schulziana Defl.) and California (Vallacerta hannai Defl., 
Dictyocha quadralta Hanna) were not observed in the Urals; except 
for Vallacerta hannai Defl., all these forms belong to the family 
Dictyochaceae. 

The main difference between the floras of the Urals and Europe is that 
the dominant complex of the Urals consists entirely of members of the 
families Vallacertaceae Defl. and Cornuaceae Gem., while the Polish flora 
contains, in addition to Vallacerta hortonii Hanna, considerable 
numbers of Dictyocha triacantha Ehr. which is represented by 
many forms in Europe but occurs sporadically in the Urals and is repre- 
sented here by isolated or rare specimens of only a few forms (D. tria 
cantha Ehr. var. triacantha f. triacantha, var. apiculata 
Lemm. f. apiculata and f: laté-radiata Schulz, and D.t. var. 
inermis Lemm. f. inermis). 

The flora of the Urals resembles its Californian counterpart in the 
quantitative proliferation of the most characteristic species. In both cases, 
Vallacerta hortonii Hannaand Lyramula furcula Hanna are 
dominant and occur together with smaller amounts of L. simplex Hanna. 
On the other hand, the American flora includes large amounts of members 
of the family Dictyochaceae Lemm., Corbisema geometrica Hanna 
and Dictyocha quadralta Hanna, generally not observed in the USSR. 

Judging from the high proportion of common species, the dominant 
position of the primitive families Vallacertaceae Defl. and Cornuaceae 
Gem. and also the equal proportions of the skeletons of the various forms 
of Vallacerta hortonii Hanna, it can be assumed that environmental 
conditions in the seas of the Urals, Europe and California were very 
similar during the Upper Cretaceous. 

The exceptional supremacy of the most primitive of the known silico- 
flagellates is due to its older age (Santonian-Campanian) compared with the 
Californian flora (Maestrichtian). The exact age of the flora of the Gulf of 
Danzig is unknown. 

Analysis of the vertical distribution of the species occurring in the 
Santonian-Campanian of the eastern slope of the Urals indicates that this 
flora can be divided into 3 groups. The first group consists of forms 
confined to the Upper Cretaceous; these include all the species of Cornua 
Schulz, Vallacerta simplex Jousé, V. tumidula Gleser and 
Dictyocha triacantha var. apiculata f. late-radiata Schulz. 
In the second group are placed 3 species (Vallacerta hortonii Hanna, 
Lyramula simplex Hanna and L. furcula Hanna) characterized by 
very wide distribution in the Upper Cretaceous but represented in Paleocene 
deposits by a negligible amount of isolated skeletons, and thus having no 
practical significance. 

These two groups form the characteristic Santonian-Campanian complex 
of the eastern slope of the Northern and Central Urals (Figure 4). 

The silicoflagellate fossils of the third Upper Cretaceous group occur 
sporadically and as isolated specimens. Some of them (Dictyocha 
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triacantha: Ehr. var. triacantiha, warsapicuiata Lemm,. 7a, 
inermis Lemm. and D. archangelskiana (Schulz) Gleser) are more 
widespread in the Paleocene, while one species, D. furcata Jousé, is 
rare both in the Cretaceous and in the Paleocene. 
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FIGURE 4. Characteristic silicoflagellate complex of the Santonian-Campanian of the 
eastern slope of the Urals; 


1—Vallacerta simplex Jousé (Zhuze, 1949a); 2—V. hortonii Hanna; 3—V. 
tumidula Gleser; 4-—Lyramula simplex Hanna; 5—L. furcula Hanna; 6 — 
Cornua poretzkajae Gleser; 7—Dictyocha triacantha var. apiculata f. 
late-radiata Schulz; 8—Cornua trifurcata Schulz, 


SILICOFLAGELLATES OF THE CENOZOIC 
Silicoflagellates of the Paleogene 

Paleogene silicoflagellates are known from the USSR, Western Europe, 
North America and New Zealand. 


Only a few comprehensive works have been published on the silico- 
flagellates of the Paleogene. Two articles are well known: one dealing 


174 


163 


with the silicoflagellates of Western Siberia (Glezer, 1960), and the other 
with those of California (Mandra, 1960). 

The earliest silicoflagellates — those of the Paleocene — are known 
only from the USSR. 


Silicoflagellates of the Paleocene 


Publications on the Paleocene silicoflagellates concern two regions in 
the USSR — the Volga area and the eastern slope of the Urals. 

Schulz (1928) used materials from the Paleocene deposits of the Ul'yanovsk 
Region (former Simbirsk Province) in a study of the Systematics of 
silicoflagellates. This author found only 2 species — Dictyocha 
archangelskiana (Schulz) Gleser and D. triacantha Ehr. with 
several varieties and forms. The results of his research appear in the 
monograph by Gemeinhardt (1930). 

N. V. Anisimova‘obtained similar data with respect to the composition 
of the silicoflagellate flora of the lower Syzran deposits; beside diatoms, 
she found several varieties of D. triacantha Ehr. 

No special studies have been made of the Paleocene silicoflagellates of 
the eastern slope of the Urals. Silicoflagellate skeletons were encountered 
by Zhuze (1951), Krotov (1957a, b), and Krotov and Shibkova (1961) during 
studies of the diatom flora. 


D. triacantha Ehr. forms a considerable portion of the dominant upper 


complex of the Early Paleocene (Krotov, 1957a) or the Late Paleocene 
complex (Krotov, 1957b). The characteristic complex of the Early Paleo- 
cene of the eastern slope of the Urals has been described (Glezer, 1960). 


TABLE 47. Distribution of silicoflagellates in the Early Paleocene of the eastern slope of the Urals 
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| Vallacerta hortonii Hanna .... . — 

2 Lyramula furcula Hanna. .... . — 1 _ _ _ 1 
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4 Dictyocha archangelskiana (Schulz) 
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8 D. t. var. apiculata f. minor Schulz 2 3 1 1 Z 4 
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10 D. t. var. inermis Lemm. f. inermis 2 1 1 — 3 4 
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175 


In addition, an Early Paleocene silicoflagellate flora has been found in 
the following parts of the eastern slope of the Northern and Central Urals: 
the Ivdel' area (wells 361, 564), the Serov District (well 459, Sosva line) 
and the Makhnevo area (wells 90, 547, 1482, 1503) (Table 47). 

Several silicoflagellate-containing samples from the Volga area are 
given for comparison. 

In the areas studied in the eastern slope of the Urals, a total of 12 
species, varieties and forms of silicoflagellates were found. These belong 
to 4 genera (Lyramula Hanna, Vallacerta Hanna, Dictyocha Ehr. 
and Mesocena Ehr.) and 3 families (Vallacertaceae Defl., Cornuaceae 
Gem. and Dictyochaceae Lemm.). Representatives of Dictyochaceae Lemm. 
exceed by far, numerically and qualitativelly, those of the other 2 families; 
on the other hand, species of Cornuaceae Gem. are very rare and occur as 
isolated specimens. The family Dictyochaceae includes 4 species in this 
flora; 3 of these belong to the genus Dictyocha Ehr. (D. archangelskiana 
(Schulz) Gleser, D. furcata Jousé and D. triacantha Ehr.) and one to 
the genus Mesocena Ehr. (M. aff. apiculata (Schulz) Defl.). 

Most characteristic of all areas is the exceptionally polymorphic species 
Dictyocha triacantha Ehr., whose 6 varieties and forms differ 
morphologically considerably from one another. D. triacantha var. 
hastata Lemm. is most abundant in almost all areas; var. inermis 
f. minor Gleser, var. inermis Lemm. f. inermis and var. 
apiculata f. minor Schulz occur everywhere in smaller amounts; 
var. apiculata Lemm. f. apiculata is ubiquitously present ina 
small number of specimens; rarest of all is D. triacantha Ehr. var. 
triacantha f. triacantha. 

D. archangelskiana (Schulz) Gleser and Mesocena aff. apicu- 
lata (Schulz) Defl. are fairly widespread but not abundant. Dictyocha 
furcata Jousé can be regarded as a rare species, since it is represented 
in the Makhnevo area only in very rare numbers. 

The floras of the Northern and Central Urals are almost identical in 
species composition and in degree of abundance. 

On the whole, the density of silicoflagellates increases steadily during 
the Early Paleocene (Figure 2). 

Of all the silicoflagellate species and varieties, however, only D. tria- 
cantha var. hastata Lemm. shows a steady rise in density in 
the course of time. This feature is of particular interest since var. 
hastata is the only silicoflagellate with a bilaterally symmetrical 
skeleton during the Paleocene, while all the other forms possess radially 
symmetrical skeletons. The latter feature can be regarded as an indication 
of the more primitive structure of the skeleton in the family Dictyochaceae 
Lemm. 

The density of silicoflagellate skeletons in Paleocene deposits of the 
eastern slope of the Northern and Central Urals was used by Krotov 
(1957a, b) as a feature distinguishing between dominant lower (Early 
Paleocene) and upper (Late Paleocene) complexes. 

According to Krotov, the earlier complex shows a poor silicoflagellate 
development, while the later complex contains large amounts of silico- 
flagellate skeletons. This observation, however, does not agree fully 
with our data or with the lists published by Krotov and Shibkova (1961). 
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FIGURE 5. Characteristic silicoflagellate complex of the Early Paleocene of the eastern 
slope of the Urals; 


1—Dictyocha triacantha var, inermis f. minor Gleser; 2—D.t. var. 
inermis Lemm, f. inermis; 3—D. archangelskiana (Schulz) Gleser; 4 — 
Ditriacantha Ebr, var triacantha £ triacantha: 5—D. t. var, hastata 
Lemm.; 6—D. t. var. apiculata Lemm. f. apiculata; 7—D. t. var. 
apiculata f. minor Schulz. 


A comparison of our results with those of Krotov and Shibkova (1961) 
and Krotov (1957a, b) leads to the conclusion that the abundance and system- 
atic composition of the silicoflagellate flora of the Early Paleocene were 
roughly uniform on the eastern slope of the Urals from the Ust'- Man'ya River 
in the north to the Kamyshlov area in the south. Nevertheless, our 
materials show a greater variety of forms compared to those of Krotov, 
probably because of the more detailed determination. 

In the study of the Early Paleocene silicoflagellates of the Volga area 
we used materials from the Penza and Ul'yanovsk regions (Table 48). 
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TABLE 48, Distribution of silicoflagellates in the Early Paleocene of the Middle Volga area 


1 Dictyocha archangelskiana (Schulz) Gleser_ . — 1 
2 D. triacantha Ehr. var. triacantha f. tria- 

CONUS, - RR oo RE > ye 4 4 
3 D. t. var. apiculata Lemm. f. apiculata 1 2 
4 D. t. var. apiculata f. minor Schulz 4 2 
5 D. t. var. inermis Lemm. f. inermis 1 il 
6 D. t. var. inermis f. minor Gleser — 1 
7 Dei var. astata GCMs Se. os) tak Sens 4 4 


Seven varieties and forms of 2 species of Dictyocha Ehr. of the 
family Dictyochaceae Lemm. were determined. More widespread and 
abundant is the polymorphic species D. triacantha Ehr. with its 6 
varieties and forms. 

Some of these forms appear at high density (var. hastata Lemm., 
var. triacantha f. triacantha, var. apiculata f. minor Sena, 
while others are very rareorrare (var. apiculata Lemm. f. apiculata 
var. inermis Lemm. f. inermis andf. minor Gleser). D. tria- 
cantha var. hastata is the most widespread of all, and was encountered 
in almost all localities examined. D. archangelskiana (Schulz) Gleser 
is one of the rarest species. 

Only one form mentioned in the literature can be added to this list, 
namely, D. triacantha var. triacantha f. minor Schulz found by 
Schulz (1928) and Gemeinhardt (1930) in the Paleocene of Ul'yanovsk 
(Simbirsk). The lack of quantitative data in these two publications prevents 
a more detailed comparison. 

The three varieties of D. triacantha Ehr. determined by Anisimova 
(var. triacantha, var. apiculata:Lemm.,. and var. hHastata Lenuma) 
occurs as isolated specimens. 

Thus, the same varieties and forms of D. triacantha Ehr. pre- 
dominate in the Early Paleocene floras of the Volga area and the Urals, 
although their density in the Urals is greater than along the Volga. The 
only exception to this is D. triacantha var. triacantha Ehr. f. 
triacantha, whichappears tobe more abundant in the Volga area. 
However, D. triacantha var. hastata Lemm. is the most widespread 
form in both regions. 

The following species occur in the Urals, but not in the Volga area: 
Dictyocha furcata Jousé, Mesocena aff. apiculata (Schulz) 
Defl., Vallacerta hortonii Hanna, Lyramula*furculay Hanae 
and L. simplex Hanna. However, all these species, except for Meso- 
cena aff. apiculata (Schulz) Defl., occur sporadically and as isolated 
specimens in the Urals. 

Thus, the characteristic Early Paleocene complex of the eastern slope 
of the Urals consists of the following silicoflagellates: Dictyocha 
triacantha Ehr. withits varieties and forms (var. hastata Lemm., 
var. apiculata Lemm. f. apiculata andf. minor Schulz, var. 
inermis Lemm. f. inermis andf. minor Gleser, var. triacantha 
f. triacantha), D.archangelskiana (Schulz) Gleser, and Meso- 
cena aff. apiculata (Schulz) Defl. (Figure 5). 
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This similarity between the floras of the Volga area and the eastern 
slope of the Urals proves their contemporaneous occurrence and indicates 
that the European and eastern Ural seas were linked during the Early 
Paleocene. 

The Early Paleocene flora evolved from the Upper Cretaceous flora. 
All Early Paleocene elements are known from the Cretaceous, except for 
Mesocena aff. apiculata (Schulz) Defl.,. Dictyocha triacantha 
var. inermis f. minor Gleser and, probably, var. hastata Lemm. 
Nevertheless, the Early Paleocene flora differs sharply from that of the 
Cretaceous since it is dominated by the family Dictyochaceae Lemm., 
which occurs only rarely in the Upper Cretaceous. On the other hand, 
such typically Cretaceous families as Vallacertaceae Defl. and Cornuaceae 
Gem. are rare in the Early Paleocene, indicating that they were becoming 
extinct. 


Silicoflagellates of the Eocene-Oligocene 


The silicoflagellates of the Eocene (and probably also the Oligocene) 
have been studied in Western Europe, the European part of the USSR, 
Western Siberia, California and New Zealand. 

The Early Eocene silicoflagellates of Denmark were investigated by 
Lemmermann (1901b), Schulz (1928), Gemeinhardt (1930), Deflandre 
(1932a, b, 1950) and Frenguelli (1940). Gemeinhardt (1930) published a 
study of the Early Eocene silicoflagellates of northern Germany. All these 
authors deal exclusively with the classification of silicoflagellates. 
Consequently, their works provide only a general idea of the systematic 
composition of the Early Oligocene silicoflagellate flora. Only Deflandre 
(1932a) lists the silicoflagellates found on Fuur Island (Denmark), but like 
the other works, this article lacks quantitative data. 

On the basis of the work of these authors, it can be concluded that the 
Early Eocene flora of northern Germany and Denmark consists entirely 
of members of the family Dictyochaceae — Dictyocha Ehr., Navicu- 
lopsis Freng. and Distephanus Stohr. The genus Dictyocha Ehr. 
is richest in species, some of which (D. triacantha Ehr., D. fibula 
Ehr.) are highly polymorphic. Table 49 includes a combined list of Early 
Eocene silicoflagellates found by these authors in Denmark and northern 
Germany. 

Only 2 silicoflagellate species — D. staurodon Ehr. and Navicu- 
lopsis biapiculata (Lemm.) Freng. — are known from the Eocene of 
the Bay of Ahus in southern Sweden. Cleve-Euler and Hessland (1948) 
place the diatom and silicoflagellate floras they found in the Early Eocene 
because of the similar generic composition of the Danish flora and that 
of the Bay of Ahus. Zhuze (1952) considers the Swedish diatom flora to be 
of Late Eocene age because of its similarity to the Late Eocene diatom 
flora of Western Siberia. 

Eocene silicoflagellate flora is found in the USSR in the Volga area and 
Western Siberia. 

In the Volga area, most authors (Schulz, 1928; Gemeinhardt, 1930; 
Deflandre, 1932a, b, 1950; Frenguelli, 1940) studied the silicoflagellate 
flora of Kuznetsk. Zhuze (1949b) places the diatom flora of Kuznetsk in 
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the Early Eocene. In addition, Deflandre (1950) investigated the silico- 
flagellates of the Eocene of the towns of Sengilei, Kamyshin, etc. 
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TABLE 49. Distribution of silicoflagellates in the Early Eocene of Europe and Asia 


: Western Western 
No. 
Species Bukope Volga area Siberia 

1 | Dictyocha archangelskiana (Schulz) Gleser . — = an 
2 | D. deflandrei Freng. var. deflandrei -f oo + 
3. | D. d. var. completa f. producta Gleser . = a5 ze 
4 = elata Gleser var. elata . = s 2. =>. 6 + — a 
D+ |). telongatasGleser wo OL SLL 2 SRS — +- + 
6 | D. fibula Ehr. var. fibula f. fibula... . +- at ae 
7 | D. f. var. fibula f. eocaenica Krotov .. . + + = 
8 | D. f. var. fibula f. rhombica Schulz 4- ao + 
9 | D. f. var. fibula f. rotundata Schulz . . . -— of = 
40) | D: jf: vate pentagona Schulz ... . .< + — = 
14 | D. frenguellii Defl. var. frenguellii . . . . —_ ++ — 
12 | D. f. var. carentis f. incerta Gleser. . . . = + = 
13 | D. lamellifera Gleser var. lamellifera . . . + + 
14 | D. 1. var. constricta Gleser ....... — +- “f- 
15°] Dt, vars hastateGleser 2°: 2. 4LP. — + 4 
AG. oh aaa ieee ee Be ec sc wh munceh -+ -+ + 
17 | D. staurodon Ehr. f. staurodon. .... . -|- — —_— 
48% UD? svi? minertschiulzss qs ek. 207 8G +- + = 
19 |B: transitoria Well feces, os tiee Pon Aue — -}- — 
20 | D. triacantha Ehr. var. triacantha f. tria- 

cantha +), (SI AAO ID Boa + + — 
21 | D. t. var. triacantha f. minor Schulz. -f- — — 
22 | D. t. var. apiculata Lemm. f. apiculata. . 4- + 4. 
23 | D. t. var. apiculata f. minor Schulz 4 -f i 
24 5) (D> vary hasteta, Lemme.) babes Lk. + +- + 
25 | D. t. var. inermis Lemm. f. inermis -+ a —— 
26 | D. t. var. inermis f. minor Gleser os — — + 
27 | Distephanus crux var. mesophthalmus (Ehr.) 

TACT AT ae op hace ce a Rie hn ee ee oe a — oa 
28 | D. speculum var. pentagonus Lemm. : — — += 
29 | D. s. var. septenarius (Ehr.) Jorg. . . . . + -- — 
30 | Naviculopsis biapiculata (Lemm.) Freng. var. 

PIAPLCUIAUE? nce carr emer ie oa ae aim =F 
31 N. b. var. constricta (Schulz) Gleser. . . . — + -= 
32 | WN. b. var. minor (Schulz) Gleser. . . . . + +: Sin 
aor | wasroousia Dell. . . 4 < s . so™ 2. —_— + + 
34 | N. trispinosa (Schulz) Gleser. . ..... ++ — — 
30. | Mesocena circulus Ehr. . .... 0°... + + — 


These publications dealing with the Eocene of the Volga area as well as 
that of Denmark and northern Germany, relate only to systematic composi- 
tion of the silicoflagellate flora. All the silicoflagellates encountered 
belong to 3 genera of the family Dictyochaceae Lemm.: Dictyocha Ehr., 
Naviculopsis Freng. and Mesocena Ehr. The genus Dictyocha 
Ehr. appears to contain the largest number of species. D. triacantha 
Ehr., D. fibula Ehr. and Naviculopsis biapiculata (Lemm.) 
Freng. show a considerable degree of variation in this flora. 

In Western Siberia deposits which contain abundant diatom and silico- 
flagellate fossils were studied from the Early, Middle (?) and Late Eocene 
and from the Late Eocene— Early Oligocene (?). The first report (Zhuze, 
1955) on the Eocene — Early Oligocene silicoflagellates of Western Siberia 
contained descriptions and drawings of several silicoflagellate species, 
including one new to science. Many students of the diatom flora of Western 
Siberia also determined silicoflagellates. A number of silicoflagellates 
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from Early Eocene deposits are mentioned by Krotov (1957a, b) and Krotov 
and Shibkova (1961) for the eastern slope of the Urals and of the Trans- 
Urals, and by Rubina (Rudkevich, Rubina and Fermyakov, 1957) and 
Galerkina (1959) for northern parts of the West Siberian plain. A few 
silicoflagellates participate together with the diatoms in the dominant 
complexes of the Middle (?) Eocene of the West Siberian plain (Rudkevich, 
Rubina, Permyakov, 1957; Galerkina, 1959; Strel'nikova, 1960). More- 
over, silicoflagellates have also been reported as components of the Late 
Eocene and Late Eocene — Early Oligocene (?) complexes of the northern 
part of the West Siberian plain (Rudkevich, Rubina and Permyakov, 1957; 
Galerkina, 1959; Strel'nikova, 1960), the eastern slope of the Urals and 
the Trans-Urals (Krotov, 1957a, b; Krotov and Shibkova, 1961), the areas 
of the settlements of Kuznetsovo, Luchinkino, Kamensko-Gusel'nikovo, 
Lar'yaka, the cities of Omsk and Tyumen! (''Stratigrafiya Mezozoya..., 
etc.,'' 1957), the settlements of Tara and Uvat, the town of Khanty- 
Mansiisk, the basin of the Khadyr-Yakha, and the Pavlodar Region 
(Vozzhennikova, 1960). Most of the silicoflagellates found in the Eocene 
and Eocene — Oligocene (?) are various species, varieties and forms of 
the genus Dictyocha Ehr. The article by Glezer (1960) deals with the 
characteristic silicoflagellate complexes of the various subdivisions of the 
Eocene and Early Oligocene (?) of the eastern slope of the Urals and the 
West Siberian plain. 

Only a few works deal with Eocene silicoflagellates of California. Hanna 
(1931) gives only drawings of a few species he found in the diatomites of 
the Krayenhagen formation of the San Joaquin valley. Hanna places these 
diatomites with reservation in the Late Eocene, although he does not rule 
out an Early Oligocene origin. Some of these silicoflagellates were 
encountered by Clark and Campbell (1945) in the lower part of the 
Krayenhagen formation, whose radiolarian fauna was named Late Eocene. 
Mandra (1960) made a special study of the silicoflagellates of the Late 
Eocene of the Mount Diablo area in California (Kellogg and Sydney slates). 
He prepared a list of the Late Eocene silicoflagellates and compared the 
Late Eocene silicoflagellate flora with the Cretaceous and Neogene complex- 
es of California. 

According to Mandra, the most characteristic silicoflagellates of the 
Late Eocene of California are Corbisema apiculata (Lemm.), C. 
triacantha (Ehr.) (both of which appear to be identical to Dictyocha 
triacantha Ehr.), Distephanus variabilis Hanna (= the varieties 
of D. speculum (Ehr.) Hack.), Mesocena oamaruensis Schulz 
and Naviculopsis biapiculata (Lemm.) Freng. 

The silicoflagellates of the Late Eocene (Kanaya, 1957), Late Eocene— 
Early Oligocene (Fleming, 1959) or Early Oligocene (Deflandre, 1950) 
diatomites of New Zealand have been used in studies of silicoflagellate 
taxonomy (Schulz, 1928; Gemeinhardt, 1930; Frenguelli, 1940; Deflandre, 
1950), but relate only to the systematic composition of the silicoflagellates 
of Oamaru, New Zealand. All the silicoflagellates described there belong 
to the genera Dictyocha Ehr., Naviculopsis Freng., Distephanus 
Stohr and Mesocena Ehr. Most of the species, varieties and forms 
belong to the genus Dictyocha Ehr. 


181 


Silicoflagellates of the Early Eocene 


Ezrly Eocene silicoflagellate flora was examined by us in many areas 
of the eastern slope of the Urals, Trans-Urals, and the Volga area. 
Moreover, these materials were compared with a sample from Early 
Eocene deposits of Mors Island, Denmark. 

Early Eocene silicoflagellates are known from the following parts of the 
eastern slope of the Urals and the Trans-Urals: Ivdel' area (Northern 
Urals), the areas of Serov and Alapaevsk (Central Urals), Vogulka River 
(Berezovo area) and Taz peninsula in the basin of the Srednaya Khadyta. 
The results of this study appear in Table 50. 
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TABLE 50, Distribution of silicoflagellates in the Early Eocene of the eastern slope of the Urals 
and the Trans-Urals 


Srednaya 
Khadyta 
River 


Species 


1 | Dictyocha archangelskiana 

(Stliaiz)"Gleser nae... — 1 1 — _ 
D. deflandrei Freng. var. de- 

[landrels s.. 1m. tests. — — 
D. elongata Gleser ..... 2 1 
D. fibula var. fibula f. eocae- 

nica KOO Sc ane eek aes 1 
D. lamellifera Gleser var. la- 

MEW IETE by Wet sty El hoale ste 
D. l. var. constricta Gleser 
D. 1. var. hastata Gleser. .. 
Der napicnlar ne, cone vecetes 
D. triacantha Ehr. var. tria- 

cantha f. triacantha . .. . — 2 _ — _ 
D. t. var. apiculata f. minor 

Sebulz, ie esas see. — 1 1 1 _ 
D. t. var. inermis Lemm. 

Ie METIS woh ge mea 1 1 1 1 -— 
D. t. var. inermis f. minor 

Glesery og SRETES. s, fonns. 3. 3 1 _ — 1 1 
D. t. var. hastata Lemm. . . — 1 1 1 1 
Naviculopsis biapiculata (Lemm.) 

Freng. var. biapiculata . . 1 1 -— 1 4 
N. b. var. minor (Schulz) Gle- 
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It appears from the table that Early Eocene silicoflagellate flora numbers 
16 species, varieties and forms belonging to 2 genera; Dictyocha Ehr. 
and Naviculopsis Freng. of the family Dictyochaceae Lemm. Most of 
the silicoflagellates (7 species with 13 varieties and forms) belong to 
Dictyocha Ehr., and only 2 species belong to Naviculopsis Freng. 
The dominant position is held exclusively by species of Dictyocha Ehr. 
The varieties of the polymorphic species D. lamellifera Gleser (var. 
lamellifera, var. constricta Gleser and var. hastata Gleser) 
are abundant almost everywhere, as is D. fibula var. fibula f. 
eocaenica Krotov. The other species of Dictyocha (D. elongata 
Gleser and some forms of D. triacantha Ehr.) occur in almost all the 
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localities but at moderate density. Finally, D. archangelskiana 
(Schulz) Gleser, D. deflandrei Freng. var. deflandrei and D. 
navicula Ehr. can be characterized as rare. 

Species of Naviculopsis Freng. appear at a fairly low density. 

Only one species — N. robusta Defl. — shows an almost ubiquitous 
distribution; varieties of the other species, N. biapiculata (Lemm.) 
Freng., occur very rarely. 

The species compositions of complexes of different parts of the Northern 
and Central Urals are almost identical, and the differences observed 
concern mainly the numbers of some forms. Silicoflagellates are scarce 
on Taz peninsula. 

In order to trace changes in the silicoflagellate flora during the Early 
Eocene, a series of samples from a 70-m layer of Early Eocene diatomites 
from well 564 inthe Ivdel' area were examined. No significant modification 
of the flora could be detected from the bottom to the top of the examined 
interval (Figure 3), except for the disappearance of skeletons of Dictyo - 
cha elongata Gleser and D. triacantha var. apiculata f. minor 
Schulz from the upper part of the layer, the appearance of Naviculopsis 
biapiculata (Lemm.) Freng. var. biapiculata anda slight increase 
in the density of Naviculopsis robusta Defl. These changes are too 
negligible to lead to any conclusions. 

It is often difficult to compare our results with the data published in the 
literature on Early Eocene silicoflagellates of the eastern slope of the 
Urals and the West Siberian plain (Krotov, 1957a, b; Rudkevich, Rubina 
and Permyakov, 1957; Galerkina, 1959). This is due to the scarcity of 
diagnoses and drawings, which frequently makes it impossible to decide 
whether two authors are speaking of the same or different forms. It was, 
nevertheless, possible to compare our observations with those of Krotov 
and Shibkova (1961), who published drawings of some forms. There is full 
agreement between our data and those of Krotov and Shibkova with respect 
to the density and distribution of the following silicoflagellates on the 
eastern slope of the Northern and Central Urals: Dictyocha archan- 
gelskiana (Schulz) Gleser (=Corbisema geometrica Hanna),* 

D. lamellifera var. constricta Gleser (=D. triacantha f. 
eocaenica Krotov), D. triacantha var. inermis f. minor Gleser 
(=D. triacantha var. apiculata Lemm.), Naviculopsis bi- 
apiculata (Lemm.) Freng. (=Dictyocha biapiculata Lemm.), 

N. robusta Defl. (=Dictyocha biapiculata f. eocaenica 
Krotov). It must be mentioned that only one form — Distephanus 
speculum var. pentagonus Lemm. — was found as isolated specimens 
in the samples from some parts of the eastern slope of the Northern and 
Central Urals by Krotov and Shibkova, but not by us. 

We examined Early Eocene silicoflagellate flora of the Volga area in 
samples from 3 points in the Ul'yanovsk Region (the towns of Sengilei and 
Akhmetlei and Sharlovo village). A total of 9 species of 2 genera 
(Dictyocha Ehr. and Naviculopsis Freng. of the family Dictyo- 
chaceae Lemm.), which were represented by 20 varieties and forms, 
were determined. The genus Dictyocha Ehr. showed the largest 
variety, being represented by 7 species with 16 varieties and forms. 


* The determinations of Krotov and Shibkova are given in parentheses, 
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TABLE 51. Distribution of silicoflagellates in the Early Eocene of the Middle Volga area 


Sharlovo 


—= 


Dictyocha deflandrei Freng. var. defland- 


| RR IE Te Ak Sp rnd i Tali Dh Nea 2 1 1 
2) DD. elongate (Glesert © 4.45 6) 02 1 _ 2 
3 | D. fibula var. fibula f. eocaenica Krotov 3 1 2 
4 |D. f. Ehr. var. fibula f. fibula fe 1 = af 
5 |D. f. var. fibula f. rhombica Schulz . . 3 _ — 
6 |D. lamellifera Gleser var. lamellifera. . 2 2 5 
7 +|D. Ul. var. constricta Gleser ...... 5 1 2 
S TD. t Vale asta Olesen.) |. eRe Pee 1 — 1 
Oa Pies ep ierla te iames. 5 cee iindie ae seek i — — 
Oe Ea rramsz ori MDM oes cous os cn ny ym cy © 1 — - 
11. | D. triacantha Ehr. var. triacantha f. tria- 

CORI OR. EW es TAR! Seay 2 1 1 
12 D. t. var. triacantha {. minor Schulz. 1 — _ 
13. | D. t. var. apiculata Lemm. f. apiculata 1 1 1 
14 | D. t. var. apiculata f. minor Schulz . . 2 1 _- 
4s HED. 9%. VAR asta a SCM m2 wean a. pens 1 1 4 
16 |D.t var. inermis Lemm. f. inermis . . { — — 
17 |D. t. var. inermis f. minor Gleser . . . 1 — _ 
18 | Naviculopsis biapiculata (Lemm.) Freng. 

VOL DiGPICpAGhs Sy ees os ny ty 1 = 
19 | N. b. var. minor (Schulz) Gleser 3 
20s [WN robusta sei? . fre) wa. 2s < p) 


Here, the genus Naviculopsis Freng. consists of only 2 species, 
one with 2 varieties. 

The only abundant silicoflagellates are some representatives of 
Dictyocha Ehr., while species of Naviculopsis Freng. occur at 
a lower density. 

Two complexes can be distinguished on the basis of the qualitative and 
quantitative composition of the flora. The older complex of the town of 
Sengilei and Sharlovo village is characterized by the abundance of var. 
lamellifera orvar. constricta Gleser of D. lamellifera Gleser 
and the presence of small amounts of D. elongata Gleser, D. fibula 
var. fibula f. eocaenica Krotov and Naviculopsis robusta 
Defl. All these silicoflagellates are typical of the Early Eocene of the 
eastern slope of the Urals. 

Although it is very poor, the silicoflagellate flora of Akhmetlei re- 
sembles the older complex described above in the predominance of 
Dictyocha lamelliféra Gleser var! lamelMifeéera. 

In the younger complex of Sengilei, D. fibula Ehr. var. fibula f. 
fibula andf. rhombica Schulz and Naviculopsis biapiculata 
var. minor (Schulz) Gleser predominate, while characteristic forms 
of the older complex are almost completely absent. 

Comparison with the data published in the literature shows that this 
complex is similar in composition to the silicoflagellate flora of the town 
of Kuznetsk, and have in common a considerable number of species and 
forms (Dictyocha deflandrei Freng. var. deflandrei, D. fibula 
Ehr. var. fibula f. fibulaandti? rhombica Schulz, D. transiiorre 
Defl.; D. tria‘cantha Hhri vars triacantha ft riacantma rane 
varieties of Naviculopsis biapiculata (Lemm.) Freng.). No 
quantitative information on the Kuznetsk flora was published. 
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In preparation 167 of the dried diatom collection of Cleve and Moller 
from Mors Island in Denmark, we determined 5 silicoflagellate species 
and varieties belonging to Dictyocha Ehr. and Naviculopsis Defl. 
of the family Dictyochaceae Lemm. Naviculopsis biapiculata 
(Lemm.) Freng. predominates in this flora, while other forms (Dictyocha 
deflandvei Wreng. varmdeflandre:t, D. navicula,Ehr-.;.D. 
triacantha var. hastata Lemm. and var. inermis Lemm. f. 
inermis) appear at a low density. 

Table 49 represents a combined list of the silicoflagellates occurring in 
the Early Eocene of Western Europe, the Volga area and the eastern slope 
of the Urals based on our own and published observations. 

Of all the silicoflagellate species, varieties and forms known at present 
from the Early Eocene, 17 have been found on the eastern slope of the 
Urals. More than half of these (10) were also encountered in both the 
Volga area and in Western Europe, 4 forms are shared with the Volga area 
only, while 3 are known only from the Early Eocene of the eastern slope 
of the Urals and the West Siberian plain. 

Skeletons of several forms (D. elata Gleser var. elata, D. freng- 
wellii Defi; war. frengucéilii amd vary carentys f. incerta 
Gleser, D. transitoria Defl.) known from the Early Eocene deposits of 
Western Europe or the Volga area, but not found in contemporaneous 
deposits of the eastern slope of the Urals or the West Siberian plain were 
only encountered in these two areas in more recent strata. 

The Early Eocene flora of the eastern slope of the Urals closely re- 
sembles the older Early Eocene complex of the Volga area both in species 
composition and in the quantitative relations of the forms. 

The characteristic Early Eocene complex of the eastern slope of the 
Urals and of the Trans-Urals consists of the following silicoflagellates 
(Figure 6): 

Dictyocha lamellifera Gleser var. lamellifera 

Doi. var..constricta Gleser 

Dl. vary tWastata Gleser 

D. fibula var. fibula f. eocaenica Krotov 

D. elongata Gleser 

D. navicula Ehr. 

Naviculopsis robusta Defl. 

The second, younger complex of the Early Eocene flora of the Volga 
area resembles more closely the contemporaneous Early Eocene flora of 
Western Europe in the presence of relatively large amounts of D. fibula 
Ehr. var. fibula f. fibula andf. rhombica Schulz and Naviculop- 
sis biapiculata (Lemm.) Freng. 

On the whole, the flora of the Urals and the more ancient complex of 
the Volga area are more primitive because of the predominance of 
triangular forms of Dictyocha lamellifera Gleser (related to the 
ancient species D. triacantha Ehr.) and the presence of a primitive 
species of Naviculopsis —N. robusta Defl. 

The younger complex of the Early Eocene of the Volga area and the 
flora of Western Europe probably reflect the next stage in the formation 
of the flora. 

All the above statements indicate that the older Early Eocene complex 
was first formed during more or less similar conditions in the European 
and Siberian marine basins. 
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FIGURE 6. Characteristic silicoflagellate complex of the Early Eocene of the eastern slope of 
the Urals and the Trans-Urals; 


1—Dictyocha lamellifera Gleser var. lamellifera; 2—D. l. var. constricta 
Gleser; 3—D. 1. var. hastata Gleser; 4—Naviculopsis robusta Defl.; 5—Dictyo- 
cha elongata Gleser; 6—D. navicula Ehr.; 7—D. fibula var. fibula f. eocaeni- 
ca Krotov. 


The Early Eocene flora differs sharply from the known Early Paleocene 
flora in possessing several new species and even 2 new genera — Navi- 
culopsis Freng. and Distephanus Stohr. 


Silicoflagellates of the Middle (?) Eocene 


Results of the examination of Middle Eocene silicoflagellate flora of the 
southern part of Taz peninsula, as well as the Sherkaly settlement and the 
areas of Ivdel' and Serov on the eastern slope of the Northern and Central 
Urals are given in Table 52. 

The table shows that a total of 17 silicoflagellate species, varieties and 
forms are known from the Middle (?) Eocene. These are distributed among 
the genera Dictyocha Ehr. and Naviculopsis Freng., both of the 
family Dictyochaceae Lemm. Most of the forms (14) belong to 
Dictyocha Ehr., while fewer (3) belong to Naviculopsis Freng. 

Dictyocha frenguellii var..carentis Gleser!l. carenten 
and Naviculopsis biapiculata (Lemm.) Freng. var. biapiculata 
are the most widespread and were encountered in all areas. The latter 
usually occurs at a lower density. In addition, Dictyocha lamellifera 
Gleser var. lamellifera is almost universally encountered. 
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TABLE 52. Distribution of silicoflagellates in the Middle (2?) Eocene of the eastern slope of the 
Urals and the West Siberian plain 


Taz peninsula Lower |Eastern slope of 
Obarea} the Urals 
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D. elata Gleser var. elata, some varieties of D.triacantha Ehr. 
and Naviculopsis biapiculata var. minor (Schulz) Gleser have 
a more limited range and occur in some localities only. 

The category of rare silicoflagellates include Dictyocha elongata 
Gleser, D. fibula var. fibula f. eocaenica Krotov, D. navicula 
Ehr. and Naviculopsis robusta Defl. 

The floral complexes of these areas differ from one another in species 
composition and especially in the quantitative proportions of the elements. 
Thus, the flora of the Arka- Tab-Yakha Basin is rich in 3 forms — D. 
frenguellii var. carentis Gleserf. carentis, D. elata Gleser 
var. elata and Naviculopsis biapiculata (Lemm.) Freng. var. 
biapiculata. The dominant complex of the basin of the Khadutta River 
consists of abundant amounts of D. lamellifera Gleser var. lamelli- 
fera and Naviculopsis biapiculata var. minor (Schulz) Gleser 
in addition to D. frenguellii var. carentis Gleserf. carentis. 
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The flora of the En-Yakha River is dominatedby Dictyocha frenguellii 
var. carentis Gleserf. carentis and Naviculopsis biapiculata 
var. minor (Schulz) Gleser, which occur together with considerable 
amounts of Dictyocha lamellifera Gleser var. lamellifera, 
D.elata Gleser var. elata, D. triacantha var. apiculata f. 
minor Schulz and Naviculopsis biapiculata (Lemm.) Freng. var. 
biapiculata. Only Dictyocha frenguellii var. carentis 
Gleser f. carentis occurs in frequent numbers in the Ivdel' area. The 
silicoflagellate flora of the Serov area is slightly more abundant; D. 
frenguellii var. carentis Gleserf. carentis occurs here in large 
numbers, while D. triacantha var. inermis f. minor Schulz, 

D. lamellifera Gleser var. lamellifera and D. fibula Ehr. var. 
fibula f. fibula are less abundant. The Serov flora also includes rare 
forms such as D. elongata Gleser, D. navicula Ehr., D.triacantha 
var. inermis Lemm. f. inermis andvar. apiculata Lemm. f. 
apiculata and Naviculopsis robusta Defl. 


FIGURE 7. Characteristic silicoflagellate complex of 
the Middle (?) Eocene of the eastern slope of the Urals 
and the West Siberian plain; 


1,2—Dictyocha frenguellii var. carentis 
Gleser f. carentis; 3—D. elata Gleser; 4— 
Naviculopsis biapiculata (Lemm.) Freng. var. 
biapiculata; 5—N. B. var. minor (Schulz) 
Gleser; 6— Dictyocha lamellifera Gleservar. 
lamellifera. 
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The Sherkaly area has a very poor silicoflagellate complex in which 
D. frenguellii var. carentis Gleser f. carentis predominates 
slightly over other forms. 

Beside the above-mentioned forms, isolated specimens of Distephan- 
us speculum (Ehr.) Hack. were encountered in the northern part of the 
West Siberian plain. 

A detailed comparison of our results with those of Rubina (Rudkevich, 
Rubina and Permyakov, 1957) and Galerkina (1957) in the West Siberian 
piain is impossible because many species were defined differently by the 
various authors. 

All the silicoflagellate species of the Middle (?) Eocene of the West 
Siberian plain and the eastern slope of the Urals are also known from the 
Early Eocene of Western Europe and the Volga area. 

The Middle (?) Eocene flora of the eastern slope of the Urals and the 
West Siberian plain differs substantially from the Early Eocene flora of the 
eastern slope of the Urals. A few typical Early Eocene forms still occur in 
the Middle (?) Eocene; of these only Dictyocha lamellifera Gleser 
var. lamellifera is common, while numbers of other forms (D. navi- 
cula Ehr., D. elongata Gleser, Naviculopsis robusta 
Defl.) are sharply curtailed. New forms appear, such as the relatively 
Widespread Dittyocha frenguellilt var. carentis f. carentis 
Gleser and D. elata Gleser var. elata; these silicoflagellates are 
occasionally quite numerous. Finally, varieties of Naviculopsis 
biapiculata (Lemm.) Freng. become more frequent and numerous 
than in the Early Eocene. 

The following forms can be regarded as typical of the Middle (?) Eocene 
flora of the eastern slope of the Urals and the West Siberian plain (Figure 7): 

Dietyorcita, frenguellii var. carentis Gleser ih ©arentiis 

Deitametliizera Gieservar. tamerrifera 

D elata Gleserivar. elata 

Naviculopsis biapiculata (Lemm.) Freng. var. biapiculata 

N. b. var. minor (Schulz) Gleser. 


Silicoflagellates of the Late Eocene 


A Late Eocene silicoflagellate flora was discovered in many localities 
in the northern part of the West Siberian plain in the Taz peninsula (the 
basins of the Arka-Tab-Yakha, En-Yakha, Srednaya Khadyta) and the basin 
of the Pechal'-Ky (a right tributary of the Taz), as well as on the eastern 
slope of the Northern and Central Urals (Ivdel' and Serov areas, Ust'- 
Uiskoe village), the area of the Western Urals (Sherkaly area) and the 
Middle Ob area. The results obtained are shown in Table 53. 

Of the 25 species, varieties and forms belonging to 4 genera of the 
family Dictyochaceae Lemm., the vast majority (20) are of Dictyocha 
Ehr., many of which are dominant. Naviculopsis Freng. is repre- 
sented by one species with 2 varieties, characterized usually by high 
density. Distephanus Stohr and Cannopilus Hack. are each 
represented by one very rare species. The presence of Cannopilus 
Hack. in the Late Eocene is of considerable interest, since the species of 
this genus were hitherto known from the Neogene only. 
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Dictyocha frenguellii var. carentis f. carentis Gleser and 
f. incerta Gleser, D. rotundata Jousé var. rotundata and Navi- 
culopsis biapiculata (Lemm.) Freng. var. biapiculata and var. 
minor (Schulz) Gleser are the most widespread forms. All these silico- 
flagellates are usually abundant and dominant in the Late Eocene silico- 
flagellate complexes. 

Less widespread are Dictyocha deflandrei var. completa 
Gleser‘f. completa, D. fibula*var. fibula f. fibuta, Do ifen- 
guelliilbemt var. ireneuellii, D. lamellifera Gleser var. 
lamellifera, D. transitoria Defl. and the varieties of D. tria- 
cantha Ehr. 

Such forms as D. deflandrei var. bicornuta Gleser, D. fibula 
var. pentagona Schulz, D. navicula Ehr., D. spinosa (Defl.) 
Gleser and Distephanus speculum (Ehr.) Hack. var. speculum 
and var. pentagonus Lemm. and Cannopilus hemisphaericus 
(Ehr.) Hack. are found as isolated specimens in a few localities only. 

The Late Eocene flora of the investigated parts of the eastern slope of 
the Urals resembles that of the West Siberian plain. All the areas show a 
more or less identical species composition and quantitative proportions of 
the forms, although some differences are evident. For example, Dic- 
tyocha triacantha var. apiculata f. minor Schulz and Navi- 
culopsis biapiculata var. minor (Schulz) Gleser predominate 
in the complex of the Arka-Tab-Yakha River. In the basin of the En-Yakha 
River Dictyocha frenguellii.var..carentis Gleserd.-caren sa 
and f. incerta Gleser and D. rotundata Jousé var. rotundata 
dominate, while in the complex of the Srednaya Khadyta River only the latter 
two forms dominate. In addition to D. frenguellii var. carentis 
Gleser f. carentis andf. incerta Gleser and D. rotundata Jousé 
var. rotundata, the floraofthe Pechal'-Ky Riverisrichin D. transi- 
toria Defl. and contains considerable amounts of the varieties of Navi- 
culopsis biapiculata (Lemm.) Freng. The most abundant forms 
in the Sherkaly area are Dictyocha frenguellii var. carentis 
Gleser f. carentis andf. incerta Gleser and Naviculopsis 
biapiculata (Lemm.) Freng. var. biapiculata; here occur isolated 
specimens of Cannopilus hemisphaericus (Ehr.) Hack., a species 
rare for the Paleogene. The silicoflagellate flora of the Ivdel' area contains 
large amounts of many forms: Dictyocha deflandrei var. completa 
Glese# f. completa, *D.*fibuta Ebr. var. fibela ft. fibula wae 
the varieties and forms of D. frenguellii Defl., D. rotundata Jousé 
Var-rotundata. D> transitorivasber.. Dat riacan tina var, 
apiculata f. minor Schulz and the varieties of Naviculopsis 
biapiculata (Lemm.) Freng. As in the Sherkaly area, here occur rare 
specimens of Cannopilus hemisphaericus (Ehr.) Hack. Dictyocha 
spinosa (Defl.) Gleser is known to be present only in the Ivdel' area. 
Skeletons of D. lamellifera Gleser var. lamellifera are frequent 
in the Serov area and rare elsewhere. Only one form — Naviculopsis 
biapiculata var. minor (Schulz) Gleser — is abundant in the area of 
Ust'-Uiskoe village. The complex found in the Middle Ob area contains a 
considerable number of silicoflagellate forms, often in large amounts. 
Dictyocha frenguellii Defl. var. frenguellii and var. carentis 
Gleser f. carentis are more abundant here than in other areas; more- 
over, isolated skeletons are found here of D. navicula Ehr. and 
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Distephanus speculum var. pentagonus Lemm., which were not 
found elsewhere. 

A survey of publications on the Late Eocene silicoflagellates of different 
parts of Western Siberia shows that the different authors agree as to the 
general nature of the flora. 

Dictyocha fibula Ehr.s.1l. and Naviculopsis biapiculata 
(Lemm.) Freng. predominate on the eastern slope of the Northern and 
Central Urals and in the Trans-Urals (Krotov, 1957a, b; Krotov and 
Shibkova, 1961) and in the northern part of the West Siberian plain 
(Radkevich, Rubina and Permyakov, 1957; Galerkina, 1959; Strel'nikova, 
1960). Some authors (Strel'nikova, 1. c.) note the occurrence in the areas 
studied of smaller amounts of Dictyocha transitoria Defl. and the 
varieties of D. triacantha Ehr., and isolated skeletons of Cannopilus 
hemisphaericus (Ehr.) Hack. 

In view of the fact that the above authors place all the forms witha 
quadrangular basal ring in Dictyocha fibula Ehr. and considering 
our own observations, it can be stated that the different parts of the West 
Siberian plain possess an identical Late Eocene silicoflagellate flora. 

The characteristic silicoflagellate complex of the Late Eocene of the 
West Siberian plain and the eastern slope of the Urals consists of the 
following species, varieties and forms (Figure 8): 

Dietyocha triacantha Ehr. var. triacantha f. triacantha 

D. frenguel li, Dell. -var..firenguellii 

D. f. var? Carentrs "Gleserft.carentis 

Bf. var. Cage nira 4, incerta, Gleser 

D. deflandrei var. completa Gleserf. completa 

D. fibula Ehr. var. fibula f. fibula 

D. rotundata Jousé var. rotundata 

Naviculopsis biapiculata (Lemm.) Freng. var. biapiculata 

N. b. var. minor (Schulz) Gleser. 

The Late Eocene flora of Western Siberia and the eastern slope of the 
Urals is closely related phylogenetically to the more ancient Middle (?) 
Eocene flora of the same areas. Through the gradual increase of quali- 
tative diversity and quantitative development of some species, the Middle (?) 
Eocene flora merged into that of the Late Eocene. 

All the Middle (?) Eocene elements persist during the Late Eocene. 
Most of them become even more abundant except for Dictyocha elata 
Gleser var. elata and D.lamellifera Gleser var. lamellifera, 
whose numbers decline. Among Late Eocene forms unknown from the 
Middle (?) Eocene are D. frenguellii var. carentis f. incerta 
Gleser, D. deflandrei var. completa Gleserf. completa and 
vir. pieorniuta Gleser; YD! tibula Ehr.-var: fibula f. fibula. 

D. transitoria Defl., D. rotundata Jousé, D. spinosa (Defl.) 
Gleser and species of Distephanus Stohr and Cannopilus Hack. 

Almost all the above forms are known from the Early Eocene of Western 
Europe or from the Volga area. New elements appearing for the first time 
in the Late Eocene are Dictyocha rotundata Jousé, D. spinosa 
Defl.) Gleser and Cannopilus hemisphaericus (Ehr.) Hack. The 
last 2 forms (especially D. spinosa) are very rare in the Late Eocene 
of Western Siberia. 
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FIGURE 8. Characteristic silicoflagellate complex of the Late Eocene of the eastern slope of the 
Santonian-Campanian: 


1—Dictyocha frenguellii Defl. var. frenguellii; 2, 3—D. f. var. carentis 

Gleser f. carentis; 4,6—D. f. var. carentis f. incerta Gleser; 5—D. deflandrei var, 
completa Gleser f. completa; 7—Naviculopsis biapiculata (Lemm.) Freng, var. 
biapiculata; 8—N.b, var. minor (Schulz) Gleser; 9—Dictyocha fibula Ehr. var. 
fibula f. fibula; 10—D.triacantha Ebr, var. triacantha f. triacantha; 11, 12— 
D. rotundata Jousé var, rotundata. 


For comparison, the Late Eocene flora of the Turgai Gates (Tumalykol' 
village; Uzen'-Kairakty River) was examined. 

The Late Eocene flora of Tumalykol' village is comparatively poor 
(Table 54). It consists of 8 species belonging to the family Dictyochaceae 
Lemm. Most of these species (5) belong to the genus Dictyocha Enhr.; 
Distephanus Stohr, Naviculopsis Freng. and Mesocena Ehr. 
emend. Defl. are represented by one species each. The only characteristic 
elements of the Middle — Late Eocene of the West Siberian plain and the 
eastern slope of the Urals present here are Dictyocha rotundata 
Jousé var. rotundata and Naviculopsis biapiculata var. minor 
(Schulz) Gleser, which play a minor role in the complex. Dominant here 
are Distephanus antiquus Gleser and 2 forms of Dictyocha 
elata Gleser, which are unknown from the Late Eocene of Western Siberia. 
We have encountered such a flora only in the northern part of the West 
Siberian plain. The complex of Tumalykol' village will be discussed later 
in the description of the Early (?) Oligocene silicoflagellates of the West 
Siberian plain. 

The Late Eocene flora of Uzen'-Kairakty River, a right tributary of the 
Irgiz River, has a quite different nature. Here were determined 19 species, 
varieties and forms belonging to 4 silicoflagellate genera (Dictyocha 
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Ehr., Naviculopsis Freng., Distephanus Stohr and Mesocena 
Ehr.), all of the family Dictyochaceae Lemm. (Table 54). More than half 
of the forms belong to Dictyocha Ehr., many of which (D. fibula Ehr. 
var. fibula fv fiabtla, D. aff. fibula var. rhombus (Hack.) Lemm., 
and D. spinosa (Defl.) Gleser) are characterized by a considerable 
density. Distephanus crux (Ehr.) Hack. var. crux dominates the 
complex. All the remaining forms are not numerous. 
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TABLE 54, Distribution of silicoflagellates in the Late Eocene of northwestern 
Kazakhstan 


Tumalykol' |Uzen'-Kairakty 


ee —— village River 
1 | Dictyocha elata var. media Gleser f. media 
2 |D.e. var. media f. reducta Gleser . . . _ 
3 | D. fibula Ehr. var. fibula f. fibula 4 
4 |D. f. var. fibula f. rhombica Schulz 1 
5 | D. aff. fibula var. rhombus (Hack.) Lemm. 4 
6 |D. hezacantha Schulz 1 
7 |D. rotundata Jousé var. rotundata . 1 
8 |D. r. var. secta Gleser — 
9 |D. spinosa (Defl.) Gleser 4 
10 |D. transitoria Def] 1 
14 D. triacantha Ehr. var. triacantha 

f. triacantha 5 aoa ; 2 
12 |D. triacantha var. flexuosa (Stradner) 

Gleser . 2 
13 | D. t. var. apiculata Lemm. f. apiculata 3 
14 |D. t. var. apiculata f. minor Schulz = 
15 | D. t. var. hastata Lemm 1 


16 |D. t. var. inermis f. minor Gleser . 

17 | Naviculopsis biapiculata (Lemm.) Freng. 
var. biapiculata 

18 | N. 6. var. constricta (Schulz) Gleser . . 

19 | N. 6. var. minor (Schulz) Gleser 

20 | Distephanus antiquus Gleser . 

21 |D. crux (Ehr.) Hack. var. cruz Boke 

22 | D. speculum var. cannopiloides (Pr.—Lavr.) 
Gleser . 

23 | D. s. var. pentagonus Lemm. 

24 | Mesocena elliptica Ehr. emend. Defl. . 

25 | M. aff. apiculata (Schulz) Defl. . . . 

26 | M. oamaruensis Schulz 2 


oe we | 


me | we 


The following small group of forms occurs both in this and in the Late 
Eocene flora of the eastern slope of the Urals and the West Siberian plain: 
Dictyocha rotundatia Jouse var. rotundata, D: transitoria 
Defl., D. triacantha var. hastata Lemm., Naviculopsis bi- 
apiculata var. minor (Schulz) Gleser. These silicoflagellates, 
however, are found in rather insignificant numbers in the Uzen'-Kairakty 
area. Many widespread and abundant characteristic forms of the Late 
Eocene flora of the Urals and Siberia are not encountered here. A signi- 
ficant difference of the Turgai flora is the domination of Dictyocha aff. 
fibula var. rhombus (Hack.) Lemm. and Distephanus crux (Ehr.) 
Hack. var. crux, and the invariable presence, although in small amounts, 
of Dictyocha triacantha var. flexuosa (Stradner) Gleser. 

Figure 9 shows the characteristic silicoflagellate complex of the Uzen'- 
Kairakty River. 
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FIGURE 9. Characteristic silicoflagellate complex of the Late Eocene of the 
Uzen'-Kairakty River, a tributary of the Irgiz River: 


1—Distephanus speculum var. pentagonus Lemm.; 2, 3—D. crux 
(Ehr.) Hack. var. crux; 4—Dictyocha fibula Ehr. var. fibula f. 
fibula; 5—D. aff. fibula var. rhombus Schulz; 6—D. triacantha 
var. apiculata Lemm. f. apiculata; 7—D.t. var. flexuosa 
(Stradner) Gleser; 8—D. spinosa (Defl.) Gleser. 


Analysis of original materials and published data shows that the Late 
Eocene silicoflagellate flora differs from one part of the globe to another. 
While species of Dictyocha Ehr. and Naviculopsis Freng. attain 
considerable density in the West Siberian plain and on the eastern slope 
of the Urals, the flora of the Turgai Gates is dominated by representatives 
of Dictyocha Ehr. and Distephanus Stohr, and Naviculopsis 
Freng. and Distephanus Stohr are the most typical forms of the 
Californian flora. Of species common in the Late Eocene to all regions, 
Naviculopsis biapiculata (Lemm.) Freng. must be noted. This 
species is known from Western Siberia and Kazakhstan, as well as from 
southern Sweden (Cleve-Euler and Hessland, 1948) and California (Hanna, 
1931; Clark and Campbell, 1945; Mandra, 1960). As in Western Siberia, 
this species is represented in California by 2 varieties which occur in 
large numbers (Mandra, 1960). Varieties of Dictyocha triacantha 
Ehr. are also shared with the Californian flora. One form, D. deflandrei 
var. completa Gleserf. completa (D. staurodon Ehr. as deter- 
mined by Cleve-Euler, l.c.), has been encountered in Sweden and Western 
Siberia. 
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Silicoflagellates of the Late Eocene — Early Oligocene (?) 


Results of the investigation of the silicoflagellate flora of the Late 
Eocene — Early Oligocene (?) in the southern part of Taz peninsula (the 
basins of the Srednaya Khadyta and the En-Yakha), in the basin of the 
Malaya Sosva, in the Ivdel' area on the eastern slope of the Northern Urals 
and in the Middle Ob area are given in Table 55. 
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TABLE 55. Distribution of silicoflagellates in the Late Eocene — Early Oligocene (?) of the 
eastern slope of the Urals and the West Siberian plain 


Taz peninsula 


No. Species 


pests 


Lower Ob area, Malyi Atlym 
Basin of the Severnaya Sosva 
and Malaya Sosva rivers 
Eastern slope of the Urals, 


Ivdel' area 


En-Yakha River 
(right bank) 
Srednaya Khadyta 
and Chuzik rivers 


1 Dictyocha deflandrei var. bi- 

cornuta Gleser. . . 3 _ -- 2 5 4 2 
2 D. d. var. completa Gleser f. 

completa .. 1 1 1 2 4 5) 3 
3 WD de VaE: completa f. producta 

Gleser . . a3 4 _ 2 3 3 4 ) 
4 3 elata Gleser var. elata... 1 -- _ — — = — 
5 fibula Ehr. var. fibula f. 

gat : PI. 4 — 3 4 5) 5 5) 
6 Drei-var: fibula f. “rhombica 

SUCOULZ 5s ens ee te Be — _— _— = 1 a= = 
if aes Nar: pentagona Schulz | — a _ os — 1 — 
8 D. frenguellii Defl. var. — 

guellii . 1 = — 1 1 = = 
9 DB: re var. carentis Gleser f. ca- 

rentis . : 3 1 1 3 5 4 3 
10 De feo wars carentis f. incerta 

Gleser . . seis iste Hes 2 2 1 4 5 4 1 
14 D. obliqua Gleser. : -- — — 2 3 — — 
12 D. rotundata Jousé var. rotun- 

data Ken cape 6 5 D 6 4 4 4) 

13 D. r. var. secta Gleser . . . 5 3 3 3 — 4 4 
14 D. spinosa (Defl.) Gleser . 1 — — 1 4 _ 1 
15 D. transitoria Def). : 3 3 4 3 3 4 3 
16 D. triacantha Ehr. var. tria- 

cantha f. triacantha. . . . — — — = — — 4 
17 D. t. Ehr. var. gies mi- 

nor Schulz. . . . -| — — — _ 1 = 
18 D. t. var. hastata Lemm. . .| — - 1 _ = 1 F 
19 D. t. var. inermis f{. minor 

Gléser oP Let et ES — _ — _ 1 = 
20 Naviculopsis biapiculata 

(Lemm.) prone var. biapi- ; 

culata . 3 = 3 3 4 a 2 
21 N. b. var. minor (Schulz). Gle- 

Sere: 5 1 3 5 5 5 =) 
22 Distephanus ‘speculum (Ehr.) 

Hack. var. speculum. ...| — — — -- — = 1 
23 D. s. var. pentagonus Lemm. | — — — ~ = L az 
24 Cannopilus gry aplenty 

Gem,» RAS) = 1 — — a = = 
25 Mesocena circulus are bie = = 1 1 = — 
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The silicoflagellate flora of these stages numbers 25 species, varieties 
and forms belonging to 5 genera of the family Dictyochaceae Lemm. 

Most (19) of the silicoflagellate species, varieties and forms belong to 
the genus Dictyocha Ehr., while other genera are represented by one 
species each. Wide distribution and high numerical development charac- 
terize D. rotundata Jousé var. rotundata and Naviculopsis 
biapiculata var. minor (Schulz) Gleser. Other forms occurring in 
almost all of the areas examined but in smaller numbers are Dictyocha 
deflandrei var..bicornuta Gleser and var. completa Gleser f. 
completa andf. producta Gleser,. D..fibuda,Ehr., var. fibuda = 
fibula, D.frenguellii'var. car entis,Cieser.tf. .carentis-ame & 
incertaGleser: Derotundata var: secta Gleser,-Drtransi ror 
Defl. and Naviculopsis biapiculata (Lemm.) Freng. var. biapi- 
culata. D.elata Gleser var. elata, D. obliqua Gleser, D. spinosa 
(Defl.) Gleser, varieties of D. triacantha Ehr. and Distephanus 
speculum (Ehr.) Hack., Cannopilus hemisphaericus (Ehr.) 
Hack., Mesocena circulus Ehr., ete. occur as very rare or rare, 
but D. obliqua Gleser appears once as frequent. 

The complex of the southern part of the Taz peninsula and the Middle 
Ob area are almost identical, except for some variations in the density of 
certain forms. The flora of the basin of the Malaya Sosva altogether 
resembles that of the Taz peninsula, although it contains rare specimens 
of D. obliqua Gleser, not found in the latter area. Special features of 
the silicoflagellate complex of the Ivdel' area are the complete absence of 
D. rotundata var. secta Gleser, the lower density of D. rotundata 
var. rotundata compared to other areas, and the relatively greater 
amounts of D: deflandrei-var.-bicornuta Gleser’D.frengweiine 
var. carentis Gleser f. caréentis andf. incerta. Gleser. 

The characteristic complex of the Late Eocene — Early Oligocene (?) 
of the eastern slope of the Urals and the West Siberian plain consists of 
the following silicoflagellates (Figure 10): 

Dictyocha deflandrei var. completa Gleserf. completa 

Dp. d.iwar-.s<completa fi. products Gleser 

D. d. var. bicornuta Gleser 

D. fibula. Ehr: var: fibula f. fibula 

D. obliqua Gleser 

D. rotundata Jousé var. rotundata 

D. r.'var. secta'Gleser 

D. transitoria Defi; 

Naviculopsis biapiculata (Lemm.) Freng. var. biapiculata 

N. b. var. minor (Schulz) Gleser. 

An analogous flora is known from various parts of the West Siberian 
plain and the eastern slope of the Urals. Thus, Dictyocha fibula Ehr. 
(s.l.), D. rotundata Jousé and Naviculopsis biapiculata (Lemm.) 
Freng. have been reported as dominant in the eastern slope of the Urals 
and the Trans-Urals (Krotov, 1957) and the northern part of the West 
Siberian plain (Galerkina, 1959; Rudkevich, Rubina and Permyakov, 1957; 
Strel'nikova, 1960). 

Systematically, the composition of the Late Eocene — Early Oligocene (?) 
flora closely resembles the Late Eocene flora of the eastern slope of the 
Urals and the West Siberian plain. A few Late Eocene species, such as 
Dictyocha lamellifera Gleser var. lamellifera, D. navicula 
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Ehr. and Cannopilus hemisphaericus (Ehr.) Hack. are not 
encountered in the Late Eocene — Early Oligocene (?). On the other hand, 
only Dictyocha fibula var. fibula f. rhombica Schulz and D. 
obliqua Gleser are unknown from the more ancient complexes of the 
West Siberian plain and the eastern slope of the Urals. The differences 
between the Late Eocene — Early Oligocene (?) and the Late Eocene floras 
become more evident if one considers the numerical proportions of the 
various elements. Along with species equally abundant in the floras of 
both species, some fairly rare Late Eocene species reach considerable 
density in the next stage. Examples of these are Dictyocha deflandrei 
var. bicornuta Gleser andvar. completa f. producta, as wellas 
D. rotundata var. gee ta, Gleser; 
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FIGURE 10. Characteristic silicoflagellate complex of the Late Eocene— Early 
Oligocene (?) of the eastern slope of the Urals and the West Siberian plain; 


1—3 — Dictyocha rotundata var. secta Gleser; 4, 5—D. r. Jousé var. 
rotundata; 6—D. deflandrei var. completa Gleser f. completa; 7— 
D. d. var. bicornuta Gleser; 8—D.transitoria Defl.; 9—D. deflandrei 
var. completa f. producta Gleser; 10—D. obliqua Gleser; 11—Navi- 
culopsis biapiculata var. minor (Schulz) Gleser; 12—N. b. (Lemm.) 
Freng. var. biapiculata; 13—Dictyocha fibula Ehr. var. fibula f. 
fibula. 


It is noteworthy that small, rounded forms with partly or completely 
reduced radial horns are more significant in the Late Eocene — Early 
Oligocene (? ) than in the Late Eocene. Like in the Late Eocene, the flora 
of the Late Eocene — Early Oligocene (?) consists mostly of species known 
from the Early Eocene of Western Europe and the Volga area; the only 
exceptions are D. obliqua Gleser, varieties of D. rotundata Jousé, 
and probably D. deflandrei var. bicornuta Gleser. 
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There is a gradual transition from the silicoflagellate flora of the Late 
Eocene to that of the Late Eocene— Early Oligocene (?), and no sharp 
boundary can be traced between them. 


Silicoflagellates of the Early Oligocene (?) 


Silicoflagellates of the Early Oligocene (?) were encountered in only 
3 localities in the northern part of the West Siberian plain: in the southern 
part of the Taz peninsula, the basins of the Khabirutta and En-Yakha rivers 
and the basin of the Pelym River (Burmantovo profile). 

The material contained a total of 12 species, varieties and forms 
belonging to 4 genera (Dictyocha Ehr., Naviculopsis Freng., 
Distephanus Stohr and Mesocena Enhr.), all of the family Dictyo- 
chaceae Lemm. (Table 56). 


TABLE 56. Distribution of silicoflagellates in the Early Oligocene (?) of the West Siberian 
plain and the eastern slope of the Urals 


Eastern slope 
of the Urals 


Taz peninsula 


Species 


Khabirutta En-Yakha 
River River 


Burmantovo 
village 


= 


Dictyocha deflandrei var. completa Gle- 
Seri complehe <. -<dasee = > Bae 


2 D. elata var. media Gleser f. media 5 4 
3 D. e. var. media f. reducta Gleser . . . 6 5 5 
4 D. fibula Ehr. var. fibula f. fibula : -- 1 
5 D. frenguellii var. carentis Gleser f. ca- 

TERS: 2 TAB ad oy 4 RR EEK 3 J { 
6 D. f. var. carentis f. incerta Gleser 1 : 1 
7 iD: oolgna Glaser =. (0 sop. ee -- 1 —_ 
8 D. spinosa (Defli) Gleser)i.c2 2. . = . 4 3 — 
9 D. rotundata Jousé var. rotundata . 4 3 3 
10 Dr: Mare SeChe MaleSEL Vote els oe ws 3 4 1 
11 De transite mice OI el ooo pe Souci anys anys 2 2 1 
12 D. triacantha var. apiculata f{. minor 

Schulzteremete te ete owe seas 2 it — — 
13 iD. tavar: hastaba Piemm sone. yt _ 1 — 
14 D. t. var. inermis {. minor Gleser . .. . — 1 1 
15 Naviculopsis biapiculata (Lemm.) Freng. 

Van.. biapiculata® 2) ah 8 oe 1 — — 
16 N. b. var. minor (Schulz) Gleser — 4 2 
17 Distephanus antiquus Gleser. .... . 5 5 5 
18 D. speculum var. pentagonus Lemm. . . — 1 a 
19 Mesocena elliptica Ehr. emend. Delf. . . 1 3 2 


The majority (14) of these forms belong to the genus Dictyocha Ehr.; 
the genera Naviculopsis Freng. and Distephanus Stohr are repre- 
sented by 2 forms each, and Mesocena Ehr. by one form. 

Dictyocha elata var. media Gleserf. media andf. reducta 
Gleser and Distephanus antiquus Gleser are the most abundant 
forms everywhere. Equally ubiquitous but less numerous are Dictyocha 


ASt ede ells var. carentis Gleserf. carentis and f. incerta 
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Gleser, varieties of D. rotundata Jousé, D. transitoria Defl., 
Mesocena elliptica Ehr. emend. Defl. D. spinosa Defl. and 
Naviculopsis biapiculata occur in considerable amounts, but 
show a more limited distribution. Among the rare forms here are 
Dictyocha deflandrei var. completa Gleserf. completa, 
D. fibula Ehr. var. fibula f. fibula, D. obliqua Gleser, varieties 
of D. triacantha Ehr. and Distephanus speculum var. penta- 
gonus Lemm. 

Nearly all forms in the southern part of the Taz peninsula show a greater 
density than those in the basin of the Pelym River. This may be due partly 
to the larger amount of material examined from the former area. 


= 9 


14 


FIGURE 11. Characteristic silicoflagellate complex of the Early Oligocene (?) of 
the West Siberian plain; 


1,3—Dictyocha elata var. media Gleser f. media; 2—D. e. var. media 
f. reducta Gleser; 4,5—Distephanus antiquus Gleser; 6—Dictyocha 
spinosa (Defl.) Gleser; 7,9—Mesocena elliptica Ehr. emend. Def.; 8, 
10—Dictyocha rotundata Jousé var. rotundata; 11-13, 15—D. +r. var. 
secta Gleser; 14—Naviculopsis biapiculata var. minor (Schulz) 
Gleser. 


The characteristic silicoflagellate complex of the Early Oligocene (?) 
of the West Siberian plain consists of the following species, varieties 
and forms (Figure 11): 

Dictyocha elata var. media Gleserf. media 

DD. evwaro media fered uctaGleser 

D. rotundata Jousé var. rotundata 

Dor. vars pec tavGleser 

D. spinosa (Defl.) Gleser 

Naviculopsis biapiculata var. minor (Schulz) Gleser 

Distephanus antiquus Gleser 

Mesocena elliptica Ehr. emend. Defl. 
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The Early Oligocene (?) silicoflagellate flora of the southern part of the 
Taz peninsula differs from that of the Late Eocene — Early Oligocene (?) in 
the predomination of forms either unknown in the earlier stage of Western 
Siberia (Dictyocha elata var. media Gleser f. media and f. 
reducta Gleserand Distephanus antiquus Gleser)orvery rarethere 
(Dictyocha spinosa (Defl.) Gleser). The transition between the floras 
is evident in the presence of forms typical of both stages, such as the 
varieties of Dictyocha rotundata Jousé and Naviculopsis 
biapiculata var. minor (Schulz) Gleser. There are more small, 
rounded forms in the Early Oligocene (?) than in the Late Eocene — Early 
Oligocene (?). 

A similar flora, which we encountered in the Tas-Aran suite of the 
northern Aral area, is dated in the Late Eocene. This discrepancy in the 
dating of two such closely related complexes seems to be due to inaccurate 
dating of one of them. Recently, there has been a tendency to regard the 
rocks of the lower part of the Chegan suite containing remains of siliceous 
organisms (radiolarians, diatoms and dinoflagellates) as part of the 
Lyulimvor suite. According to the unified stratigraphic scheme (Uni- 
fitsirovannaya regional'naya..., etc., 1961), the upper part of the 
Lyulimvor suite belongs to the lower half of the Late Eocene. Thus, the 
discussed silicoflagellate flora cannot be dated as Early Oligocene (?), 
but at the beginning of the Late Eocene. Such a determination is much 
closer to the analogous flora or the northern Aral area. However, this 
assumption must be verified by a thorough study of the latter silicoflagellate 
flora. 

We date tentatively in the Early Oligocene the silicoflagellate flora of 
the Kharkov suite of the European USSR. Very little has been published 
on the silicoflagellates of the Kharkov suite. Uspenskaya (1950) notes 
that the microfloral and microfaunal associations of the Kharkov stage of 
the city of Kharkov contain Dictyocha fibula Ehr., D.triommata 
Ehr. (]D. trigeantha Ehed; Dercerax Ehr. (= Distephanus crms 
(Ehr.) Hack.) and D. speculum Ehr. (=Distephanus speculum 
(Ehr.) Hack.), while the association of Verino Pole village contains only 
one species — D. fibula Ehr. 

Silicoflagellate fossils were encountered in the Kharkov suite at the 
following localities: the basin of Oskol River (Krasnyi Oskol village), in 
the Sumy Region (Boromlya village), on the left bank of the Dnieper near 
Dnepropetrovsk and in the Kharkov Region (in the villages of Staroverovka 
and Melovoe) (Table 57). Figure 12 shows the characteristic silicoflagellate 
complex of the Early Oligocene (?) of the Ukrainian SSR. 

A total of 16 silicoflagellate species, varieties and forms belonging to 
5 genera (Dictyocha Ehr., Naviculopsis Freng., Distephanus 
Stohr, Cannopilus Hack. and Mesocena Ehr.) of the family Dictyo- 
chaceae Lemm. were determined. Most of these belong to the genus 
Dictyocha Ehr.; the genus Naviculopsis Freng. is represented by 
one species with 2 varieties, Mesocena Ehr. and Distephanus 
Stohr by 2 species each, and Cannopilus Hack. by one species. Almost 
all the forms occur at a low density. The predominant elements are 
Dictyocha spinosa (Defl.) Gleser, D. hexacantha Schulz, 
Distephanus crux (Ehr.) Hack. var. crux and Naviculopsis 
biapiculata var. minor (Schulz) Gleser. Except for the new species 
Mesocena muticata Gleser, all these silicoflagellates are also known 
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from the Paleogene of other parts of the globe. Of particular interest is 
the presence of Dictyocha hexacantha Schulz, D. spinosa (Defl.) 
Gleser and D. triacantha var. flexuosa (Stradner) Gleser. The first 
is known from the Late Eocene of the basin of the Irgiz River and from the 
Late Eocene or Late Eocene — Early Oligocene of Oamaru (New Zealand) 
and California. Considerable amounts of skeletons of D. spinosa (Defl.) 
Gleser were found by us in the Lower Oligocene (?) deposits of the southern 
partof the Taz peninsula. Inaddition, this silicoflagellate has been reported 
from the Late Eocene— Early Miocene deposits of Barbados Island (Lesser 
Antilles). The latter form is known from the Late Eocene of the basin of 
the Irgiz River, the Late Oligocene of the Mangyshlak peninsula and Austria. 
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FIGURE 12. Characteristic silicoflagellate complex of the Early Oligocene (?) of 
the Ukrainian SSR; 


1 —Dictyocha fibula Ehr. var. fibula f. fibula; 2-Mesocena 
oamaruemnsis Schulz var. oamaruensis; 3—Dictyocha hexacantha 
Schulz; 4—D. spinosa (Defl.) Gleser; 5—D.triacantha Ehr, var, tria- 
cantha f, triacantha; 6—Naviculopsis biapiculata var, minor 
(Schulz) Gleser; 7—-Mesocena muticata Gleser; 8—Dictyocha tria- 
cantha var. flexuosa (Stradner) Gleser; 9—Distephanus crux (Ehr.) 
Hack. var. crux. 
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TABLE 57. Distribution of silicoflagellates in the Early Oligocene (?) of the Ukrainian SSR 


Dnepro- 


Kharkov Region petrovsk 


Region 


left bank of 


No. Species E 
: Dnieper 
Staro- Krasnyi 
Boromlya | Melovoe River near 
‘ . verovka Oskol ; 

village village . ; Nizhne- 
village village A. 
Dneprovskii 


Uzel station 


1 | Dictyocha bimucronata 

(Defl.) Tsumura .... — _ 1 — -— 
2 |D. fibula Ehr. var. fibula 

gt SH) Ree aie = u's a 1 1 
3 |D. f. var. fibula f. rhombica 

Schnee ee es os - -- 1 _ _ 
4 |D. hexacantha Schulz .. . — — 1 — 3 
5 | D. spinosa (Defl.) Gleser = = 4 2 1 
6 |D. rotundata Jousé var. ro- 

TUTE QUAE Seo eh i) sae — _ — — 
7 |D. r. var. secta Gleser . . — = | = -- 
8 | D. triacantha Ehr. var. tria- 

cantha f. triacantha. . . —_ — 1 — 1 
9 |D. t. var. flexuosa (Strad- 

ner) wWaleser*. Var. & _ = 1 1 1 
10 | Naviculopsis  biapiculata 

(Lemm.) Freng. var. bia- 

PiCularagre <5 bee Se, be _ -- -- - 1 
11. | N. b. var. minor (Schulz) 

Glaser. <2 5) 1 ae _ 3 3 1 
12 | Distephanus cruz  (Ehr.) 1 

Hack.) vari crime Sigse 1 — 3 1 1 
13. |D. speculum (Ehr.) Hack. 

Var. “Spemuuntaes . ts . oo — 1 — _— 
14 | Cannopilus hemisphaericus 

(Ebr) Hack Va 3. on - oe — _ 1 
15 | Mesocena muticata Gleser _ -- 1 _ 1 
16 | M. oamaruensis Schulz . . _ - 1 


There is at present no reliable information on the silicoflagellate flora’ 
of the Early Oligocene. 


Silicoflagellates of the Late Oligocene 


Late Oligocene silicoflagellates are known from Austria (Stradner, 
1961). Remains of a Late Oligocene silicoflagellate flora have also been 
found inthe diatomites of the Karagan suite of the Mangyshlak peninsula. Here 
the flora is fairly uniform; altogether 4 forms have been determined 
(Figure 13). One of these belongs to the genus Dictyocha Ehr., two to 
Distephanus Stohr, and one toMesocena Ehr. Mesocena 
elliptica Ehr. is very abundant; Distephanus speculum (Ehr.) 
Hack. var. speculum is abundant; D. crux (Ehr.) Hack. var. crux 
and Dictyocha triacantha var. flexuosa (Stradner) Gleser are 
frequent. Skeletons of Mesocena elliptica Ehr. show a great 
variety. Distephanus speculum (Ehr.) Hack. var. speculum 
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is represented by 2 forms, one of which is numerous and has slightly 
elongated skeletons with 2 very long radial horns (Figure 13, 3), whereas 
the other form is rare. D. crux (Ehr.) Hack. var. crux is distinguished 
by its very small size. Except for Distephanus speculum (Ehr.) 
Hack. var. speculum, all the forms found in Mangyshlak are common to 
the Late Oligocene silicoflagellate complex of Austria. 
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FIGURE 13. Characteristic silicoflagellate complex of the Late 
Oligocene of Mangyshlak peninsula; 


1—Dictyocha triacantha var. flexuosa (Stradner) Gleser; 
2—Distephanus crux (Ehr.) Hack. var. crux; 3,4—D. 
speculum (Ehr.) Hack. var. speculum; 5—Mesocena 
elliptica Ehr. emend. Defl. 


The material examined shows that the family Dictyochaceae Lemm. 
proliferated during the Paleogene. Some members of Vallacertaceae Defl., 
a family typical of the Cretaceous, disappear completely already at the 
beginning of the Paleocene. The Paleocene is characterized by the 
proliferation mainly of one species — Dictyocha triacantha Ehr.— 
which appeared in the Cretaceous but at no appreciable density. The 
number of species of Dictyocha Ehr. increases sharply during the 
Early Eocene, when two new genera, Distephanus Stohr and Navi- 
culopsis Freng., appear. One species of the latter, N. biapiculata 
(Lemm.) Freng., was widespread all over the globe during the Eocene 
(according to certain data also during the Early Oligocene). In the Middle 
and Late Eocene several species of the Dictyocha Ehr. appeared, and 
many of the Paleocene and Early Eocene species of this genus continued to 
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flourish. Several new species of Distephanus Stohr appeared during 
the Late Eocene. At the same time a new genus Cannopilus Hack. 
emerged, whose occurrence is very rare. While the floras of the Paleo- 
cene and the beginning of the Early Eocene differ little from one area to 
another, there are marked differences between the known Late Eocene 
complexes of Western Siberia, Kazakhstan (Irgiz Basin, northern Aral 
area) and California. These differences could be clarified either by a more 
accurate dating of the Eocene complexes of the eastern slope of the Urals 
and the West Siberian plain or by a thorough study of the composition and 
changes in the silicoflagellate complexes outside the confines of Western 
Siberia. 


Silicoflagellates of the Neogene 


Silicoflagellates are known from the Neogene of many parts of Europe, 
North Africa, Asia, and North and South America. 

The silicoflagellates of the area of Mor6én in Spain were investi- 
gated in a number of taxonomical studies (Lemmermann, 1901b; 

Schulz, 1928; Gemeinhardt, 1930; Deflandre, 1932a, b, 1950; Frenguelli, 
1940). 

A list of forms encountered is to be found only in the article by Deflandre 
(1932a), but quantitative data, as in the other publications, are absent. In 
a study of the silicoflagellate flora and its stratigraphic position, Colom 
(1952) notes that in Spain, silicoflagellate skeletons and diatom frustules 
occur in deposits named moronitas; in the area of the North Betic Strait, 
these deposits belong to the Aquitanian-Burdigalian stage of the Late 
Oligocene or Early Miocene. 

Among the silicoflagellates Dictyocha fibula Ehr. and its varieties 
are most abundant, and species of Mesocena Ehr. (M. elliptica 
Ehr. emend. Defl.) are numerous. On the other hand, Distephanus 
Stohr is encountered rarely, and D. speculum (Ehr.) Hack. is encoun- 
tered in larger amounts only in the Andalusian zone where the cold waters 
of the Atlantic Ocean penetrated. Further information on the silico- 
flagellates of Spain can be found in the earlier works of Colom (1940, 1946). 

The Neogene silicoflagellates of Italy were studied by several workers 
(Ehrenberg, 1854; Lemmermann, 1901b; Cocco, 1904—1905; Carnevale, 
1908; Schulz, 1928; Gemeinhardt, 1930; Deflandre, 1950, andothers); almost 
all of these authors used the Italian material for working out the system- 
atics of the group. 

According to the literature, the Neogene flora of Italy consists mainly of 
species of Dictyocha Ehr..and Distephanus Stohr. Dictyocha 
ausoOnia Defl. has been reported from many parts of Italy (Deflandre, 
1950). From the Tortonian facies of the Middle Miocene of Grotte, Sicily, 
Deflandre established the new genus Nothyocha Defl. with a single 
species, N. insolita Defl., unknown from any other locality. The silico- 
flagellates of Italy are discussed in the major work of Zanon (1934). 

No special works have been published on the silicoflagellate flora of 
Greece. From the studies of Ehrenberg (1841, 1854), Lemmermann (1901b), 
Schulz (1928), Gemeinhardt (1930) and others it appears that the dominant 
species of the Neogene of Greece is Mesocena elliptica Ehr. emend. 
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Defl.; also known from there are varieties of Distephanus crux 
(Ehr.) Hack. and D. speculum (Ehr.) Hack., Paradictyocha poly- 
actis Freng. and one species of Dictyocha Ehr. — D. navicula 
Ehr., unknown in the Neogene of other areas. 

In the Sarmatian of Yugoslavia, Schulz (1928) and Gemeinhardt (1930) 
encountered varieties of D. fibula Ehr., Distephanus crux (Ehr.) 
Hack., Naviculopsis biapiculata (Lemm.) Freng., etc. Jerkovic 
(1965) described several new species and the genus genus Deflandryo- 
cha Jerk. from this stage. 

The Miocene of Hungary contains a fairly varied silicoflagellate flora 
found at a large number of localities (Lemmermann, 1901b; Schulz, 1928; 
Gemeinhardt, 1932; Deflandre, 1932a, 1950; Frenguelli, 1940). Apparently, 
a significant morphological variation of skeletons characterizes the 
cannopiluslike forms of Distephanus speculum (Ehr.) Hack. and 
Dictyocha macilenta Defl. The latter species is probably a close 
relative of Distephanus crux (Ehr.) Hack.; Cannopilus sphaeri- 
cus Gem. is typically present. 

The Miocene silicoflagellate flora of Oran (North Africa) consists of 
species widely distributed in the Neogene—D. fibula Ehr., Distephanus 
crux (Ehr.) Hack., Mesocena elliptica (Ehr.) Defl., etc. (Ehrenberg, 
1841, 1854; Schulz, 1928; Gemeinhardt, 1930; Deflandre, 1932a). 

The Miocene of India (Nankoori) has a similar silicoflagellate flora 
(Ehrenberg, 1851, 1854; Lemmermann, 1901b; Schulz, 1928; Gemeinhardt, 
1930; Desikachary and Macheshwari, 1956). In India (Colebrook), 
Desikachary and Macheshwari found skeletons of Dictyocha tria- 
cantha var. triacantha f. minor Schulz. This finding leads them to 
assume that the Colebrook deposits are older than those of Nankoori, a 
view which is supported by certain geological data. 

Most of the major taxonomists have used the Neogene silicoflagellates of 
Japan for solving various problems of the classification of the group 
(Schulz, 1928; Gemeinhardt, 1930; Frenguelli, 1940; Deflandre, 1950; 
Tsumura, 1963). 

Deflandre described the new species Dictyocha japonica Defl. 
and D. retrospina Defl. from the Miocene of Honshu Island, and pub- 
lished a list of the species occurring on Honshu Island (Sendai) (Deflandre, 
1932a). The flora of the Late Miocene— Early Pliocene of Noto peninsula 
and the environs of the city of Kanazawa is listed in the article of Ichikawa 
(1950). In another publication (Ichikawa, 1956) complexes found in 6 hori- 
zons of Late Miocene deposits in different areas around Hokuriku (Honshu 
Island) are described in detail, and a total of 22 silicoflagellate species, 
varieties and forms were determined, of which the most widespread 
and abundant is Distephanus crux (Ehr.) Hack. Dictyocha fibula 
Ehr. , represented by several forms, occurs almost ubiquitously and in 
considerable amounts. Less widespread are the varieties of Distephan- 
us speculum (Ehr.) Hack., although in some places their skeletons 
occur in large numbers. Cannopoloides forms of this species are very 
rare. Mesocene elliptica (Ehr.) Defl. is often abundant in some 
places. Dictyocha triacantha Ehr. is abundant in the Toyama area, 
while Paradictyocha polyactis Freng. f. polyactis is abundant 
in the Iizuka horizon of the Suzu area. The Neogene silicoflagellates of 
Japan are described in an important work by Bachmann and Ichikawa (1962). 
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Silicoflagellates are known from many parts of the Neogene of North 
America (Ehrenberg, 1854; Lemmermann, i901b; Martin, 1904; Schulz, 
1928; Hanna, 1928b; Gemeinhardt, 1930; Deflandre, 1932a, b; Frenguelli, 
1940; Tynan, 1957; Mandra, 1960). 

Of particular interest are the articles of Tynan and Mandra. These 
authors discuss the age and exact stratigraphic position of the silico- 
flagellates, and present lists and the quantitative relation of forms in the 
complex. 

Tynan describes the Middle Miocene silicoflagellate flora of the Calvert 
formation in Maryland. Distephanus crux (Ehr.) Hack. is dominant 
here, its skeletons accounting for about 90% of the total; second is D. 
speculum (Ehr.) Hack. with about 10%, represented by highly variable 
cannopiloides forms. Mesocena apiculata (Schulz) Defl. contributes 
about 1%, while Corbisema trigona (Zittel) Defl. (= Dictyocha 
triacantha Ehr.) is even less frequent. 

Mandra studied the silicoflagellates of the Middle Miocene, Late Miocene 
and Miocene — Pliocene of California. He notes that only 4 of the 22 species 
he determined in the Miocene of California are known from the Eocene of 
the same region. 

After a statistical analysis of his results, Mandra concludes that the 
following 5 species are characteristic of the Miocene of California: 
Cannopilus calytra Hack. (= Distephanus octonarius var. 
cyrtoides (Hack.) Gleser), C. hemisphaericus (Ehr.) Hack., 
Distephanus crux (Ehr.) Haéck., D. speculum var. brevispinus 
Lemm. (= D. speculum (Ehr.) Hack. var. speculum) and Mesocena 
crenulata var. diodon (Ehr.) Lemm. (= M.elliptica Ehr. emend. 
Defl.). The presence of two species — Mesocena crenulata var. 
diodon (Ehr.) (= M. elliptica Ehr. emend. Defl.) and Cannopilus 
sphaericus Gem. — characterizes the Mohnian stage (Upper Miocene), 
whereas the Delmontian stage (Upper Miocene or Miocene — Pliocene) is 
associated with a single species — Distephanus ornamentum (Ehr.) 
Hack. (= D. speculum (Ehr.) Hack. var. speculum). 

The silicoflagellate flora of Barbados Island (Lesser Antilles) has a 
peculiar composition. Deflandre (1950) places this complex in the Late 
Oligocene— Early Miocene. In Barbados deposits, Lemmermann (1901b), 
Schulz (1928), Gemeinhardt (1930) and Deflandre (1950) found Dictyocha 
staurodon Ehr., D.hexacantha Schulz, Phyllodictyocha recta 
Defl.,. Corbisema bimucronata Defl., C. spinosa Defl., Navi- 
culopsis foliacea Defl., Distephanus speculum (Ehr.) Hack., 
Mesocena elliptiea Ehr: emend. ‘Defl.,-ete: 

A list of the silicoflagellates of the Neogene of South America (Bolivia) 
is given in an article by Deflandre (1932a); Frenguelli (1940, 1951) also 
studied this flora. 

Few authors have discussed the silicoflagellates of the Miocene of the 
southern part of the European USSR. Gaponov (1914, 1915) deals with the 
diatoms and silicoflagellates of the Sarmatian stage of the Khmel'nitskii 
and Dnepropetrovsk regions, Makarova (1960) with the silicoflagellates of 
the Sarmatian and Meotian stage of the Taman peninsula, and Kozyrenko (1959) 
with those of the Sarmatian of Crimea. Present-day and fossil silico- 
flagellates of the Black Sea basin are reviewed in a work by Proshkina- 
Lavrenko (1959), which treats the floras of the Sarmatian stage at Shibik 
in the Krasnodar Territory and of the Sarmatian and Meotian stages of the 
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Taman peninsula, together with descriptions and drawings of the forms 
encountered. 

According to the above authors, this flora contains a moderate amount 
of species. Gaponov encountered numerous skeletons of Distephanus 
crux (Ehr.) Hack. var. crux inSarmatian deposits of the Konka River near 
the town of Orekhovo, Dnepropetrovsk Region, as well as in Kremenno 
village, Khmel'nitskii Region. In the latter locality he also found sparse 
remains of Dictyocha fibula Ehr. var. fibula f. fibula and 
Distephanus speculum (Ehr.) Hack. var. speculum. Inthe 
Meotian stageof the Tamanpeninsula, Proshkina- Lavrenko found D. crux 
(Ehr.) Hack. var. crux, Dictyocha fibula Ehr. var. fibula f. 
fibula, D. navicula Ehr. and Mesocena elliptica Ehr., and 
noted that the first two species are distinguished by high polymorphism. 
Makarova (l.c.) determined another species of Distephanus Stdhr 
in the same materials, D. speculum (Ehr.) Hack. var. speculum 
with frequent occurrence, and discovered isolated skeletons of Dictyocha 
triacantha var. triacantha f. minor Schulz in the Sarmatian stage 
of Cape Panagii in the Taman peninsula. The only silicoflagellate known 
from the Sarmatian stage ofthe Crimeais Distephanus crux (Ehr.) Hack. 
var. ©r us. 

There is little information in the literature on the Neogene silico- 
flagellates of the Soviet Far East, and no special works have been published; 
silicoflagellates were studied together with the diatoms. 

Three forms of the genus Distephanus have been reported from the 
Neogene of Kamchatka. Gaponov (1927) found considerable amounts of 
fragments of Distephanus crux (Ehr.) Hack., while Sheshukova- 
Poretskaya (1961) mentions 3 forms: D. crux (Ehr.) Hack., D. speculum 
(Ehr.) Hack. and D. speculum var. septenarius (Ehr.) Jorg., all 
of very rare occurrence. In the rocks of the Kurasi(?) and Maruyama 
suites of southern Sakhalin, Sheshukova-Poretskaya (1959) encountered 
the remains of 5 silicoflagellate species. The most abundant and wide- 
spread is D. speculum (Ehr.) Hack. Only one sample from the Maruyama 
suite of the Gurovka (Ko-Utori) River contained appreciable amounts of D. 
crux (Ehr.) Hack. Isolated specimens of Dictyocha fibula Ehr., 

D. japonica Defl. (=Distephanus japonicus f. pseudofibula 
(Schulz) Gleser) and Naviculopsis biapiculata (Lemm.) Freng. 
(forma) occurred in some samples. 

We studied the Neogene silicoflagellate flora in materials from the 
Caucasus, Sakhalin, Kamchatka and the Kurile Islands. 

A total of 18 silicoflagellate species, varieties and forms belonging to 
5 genera, all of the family Dictyochaceae Lemm., were found. Most of the 
species (4) belong to Distephanus Stdhr.; species of this genus are 
often polymorphic, as indicated by the considerable number of intra- 
specific forms (9). The genus Dictyocha Ehr. is represented by 3 
species with 5 varieties and forms. The genera Cannopilus Hack., 
Mesocena Ehr. and Paradictyocha Freng. are represented by 
one species each. 

Almost all the species of Distephanus occur in considerable amounts. 
Distephanus crux (Ehr.) Hack. var. crux and D. japonicus f. 
pseudofibula (Schulz) Gleser are very abundant; D. speculum (Ehr.) 
Hack. var. speculum and D. speculum var. pentagonus Lemm. 
are abundant; D. speculum var. cannopiloides (Pr.-Lavr.) Gleser 
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is common. Among the remaining species, only Dictyocha fibula 
Ehr. var. fibula f. fibul@ is numerous. 

Inthe Early Miocene of the Shibik River (Krasnodar Territory) we found 
only 2 species — Distephanus crux (Ehr.) Hack. var. crux (very 
abundant) and Dictyocha triacantha Ehr. var. triacanitha f. 
triacantha (very rare). This flora resembles that of the Sarmatian 
and Meotian stages of other parts of the Black Sea area in the abundance 
of Distep hanas’ crux (Ehr.) Mack: var.) € f ux ; 

In the Neogene of the Far East, 17 silicoflagellate species, varieties 
and forms were determined. Of these, 9 belong to the genus Distephanus 
Stohr, 4to Dictyocha Ehr., 2to Paradictyocha Freng., and one 
each to Mesocena Ehr. and Cannopilus Hack. (Table 58). 


TABLE 58. Distribution of silicoflagellates in the Neogene of the Far East 


Sakhalin 


Kurile northern 

Islands part southern 
(Shmidt part 

peninsula) 


Kam- 
chatka 


Species 


1 | Dictyocha ausonia Defl. ........ _ - 1 — 
2 | D. fibula Erh. var. fibula lf. fibula ... 4 _ 5 1 
3 |D. f. var. fibula f. rhombica Schulz . . _ -- 1 — 
4 |D. f. var. pentagona Schulz...... 1 1 3 — 
5 Distephanus crux (Ehr.) Hack. var. cruz 5 — 5 1 
6 |D. japonicus (Defl.) Gleser f. japonicus - -- 1 — 
7 |D. 7. £ pseudofibula (Schulz) Gleser . . — _- 5 6 
8 |D. octonarius (Ehr.) Defl. var. octonarius — _— 4 — 
9 |D. o. var. polyactis (Jorg.) Gleser . . . 2 -- 1 _ 
10 |D. speculum (Ehr.) Hack. var. speculum 1 5 5 5 
11 D. s. var. cannopiloides (Pr.-Lavr.) Gle- 1 

Cs ae See a Rae eee. tee 2 4 1 
42 D. s. var. pentagonus Lemm. .... . 1 2 5 2 
13 D. s. var. septenarius (Ehr.) Jorg... . 1 1 3 — 
14 Paradictyocha polyactis Freng. f. polya- 

CUS Le ee Soe. eke ee ate eS — -— 2 1 
15 P. p. f. mesocenoidea Freng. .... . — — 2 1 
16 Mesocena stellata Hack. ........ — - { — 
17 Cannopilus hemisphaericus (Ehr.) Hack. _ — 1 — 


The following silicoflagellates are common to Kamchakta, Sakhalin and 
the Kuriles: Dictyocha fibula var. pentagona Schulz and varieties 
of Distephanus speculum (Ehr.) Hack. (var. speculum, var. 
pentagonus Lemm., var. septenarius (Ehr.) Jorg. and var. 
cannopiloides (Pr.-Lavr.) Gleser). Almost all the forms occurring 
in Kamchatka and the Kurile Islands are also known from Sakhalin. On the 
other hand, some of the Sakhalin forms (Dictyocha ausonia Defl., 

D. fibula var. fibula f. rhombica Schulz, varieties of Distephanus 
japonicus (Defl.) Gleser, D. octonarius (Ehr.) Defl. var. octa- 
narius, and Paradictyocha polyactis (Ehr.) Freng., Mesocena 
stellata Hack. and Cannopilus hemisphaericus (Ehr.) Hack.) 
were not found in Kamchatka or on the Kurile Islands. 

In the Far East, an older complex of Neogene silicoflagellates is known 
from the northern coast of the Shmidt peninsula and in the basin of the Kongi 
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and Tumi rivers (Figure 14). Characteristic of this complex is the greater 
amount of Distephanus crux (Ehr.) Hack. var. crux and D. specu- 
lum var. cannopiloides (Pr.-Lavr.) Gleser in comparison with the 
remaining, less numerous Dictyocha fibula Ehr. var. fibula f. 
fibula, Distephanus speculum (Ehr.) Hack. var. speculum, 
var. pentagonus Lemm. and var. septenarius (Ehr.) Jorg., D. 
japonicus f. pseudofibula (Schulz) Gleser, Cannopilus hemi- 
sphaericus (Ehr.) Hack. and Mesocena stellata Hack. 

The most abundant form on the northern coast of the Shmidt peninsula is 
Distephanus crux (Ehr.) Hack. var. crux; D. speculum var. 
cannopiloides (Pr.-Lavr.) Gleser occupies the second place. In the 
basin of the Kongi and Tumi rivers this relationship is sometimes reversed. 
Moreover, D. speculum (Ehr.) Hack. var. speculum appears in 
slightly larger quantities in the latter locality. 


FIGURE 14. Characteristic silicoflagellate complex of the Neogene of northern Sakhalin 
(older complex): 


1—3—Distephanus speculum var. cannopiloides (Pr.-Lavr.) Gleser; 4—6 — 
D. crux (Ehr.) Hack. var. crux; 7—Mesocena stellata Hack. 


This complex is comparable with the Middle Miocene silicoflagellate 
complex of the Calvert formation of the state of Maryland. Indeed, the 
proportion between D. crux (Ehr.) Hack. and D. speculum var. 
cannopiloides (Pr.-Lavr.) Gleser is almost the same in these com- 
plexes. Moreover, these elements of the Sakhalin and Maryland floras 
are morphologically identical. 

The abundance of D. crux (Ehr.) Hack. var. crux suggests a relation- 
ship between the above Sakhalin flora and the Late Miocene flora of the 
area of Hokuriku of Honshu Island (Japan), where D. crux (Ehr.) Hack. 
predominates (Ichikawa, 1956). However, the Sakhalin flora is more 
closely related to that of Maryland. 
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FIGURE 15. Silicoflagellate complex of the Neogene of northern Sakhalin (younger 
complex): 


1—Dictyocha fibula Ehr. var. fibula f. fibula; D. f. var. pentagona 
Schulz; 3—Paradictyocha polyactis f. completa Freng.; 4—Distepha- 
nus speculum var. pentagonus Lemm.; 5—7—D. s. (Ehr.) Hack. var. specu- 
lum; 8—Paradictyocha polyactis f. mesocenoidea Freng.; 9— 
Distephanus speculum var. cannopiloides (Pr.-Lavr.) Gleser. 


The flora of the Hokuriku area of Japan (Tsukada horizon) resembles the 
complex of the Napana River, Kamchatka. D. crux (Ehr.) Hack. var. crux 
is the only abundant silicoflagellate in both localities; in addition to this 
form, the Napana flora consists of isolated specimens of D. speculum 
var. pentagonus Lemm. and var. cannopiloides (Pr.-Lavr.) 
Gleser. 

On the northern coast of the Shmidt peninsula (Machigar section), a different 
flora replaces the one outlined above. , 

This other, younger complex of Neogene silicoflagellates consists of 
varieties and forms of Dictyocha fibula Ehr., Distephanus 
speculum (Ehr.) Hack. and Paradictyocha polyactis (Ehr.) 
Freng. (Figure 15). Usually either Dictyocha fibula Ehr. var. 
fibula f. fibula or Distephanus speculum (Ehr.) Hack. var. 
speculum (sometimes var. pentagonus Lemm.) predominate in the 
flora. 

Sometimes these two species appear in equal amounts. Asa rule, the 
other forms are less abundant. The predominance of the warmwater 


Az 


species Dictyocha fibula Ehr. or the cold-water species Diste- 
phanus speculum (Ehr.) Hack. probably depends on the thermal 
regime of the basin. 

The flora described occurs on the northern, western and eastern 
coasts of the Shmidt peninsula, in the basins of the Kongi and Tumi rivers 
and of the Kongi River, as well as in Lake Machigar in northern Sakhalin, 
and in the Bryansk diatomite deposits in the southern part of the island 
and on the Kurile Islands. Distephanus speculum (Ehr.) Hack. var. 
speculum is by far the dominant form in the last two localities. 
According to Sheshukova-Poretskaya (1959), this silicoflagellate also 
predominates in the basins of the Nitui and Gurovka rivers in southern 
Sakhalin. In northern Sakhalin, D. speculum (Ehr.) Hack. var. 
speculum shares the dominant position with Dictyocha fibula 
Ehr. var. fibula f. fibula; these two forms sometimes are encountered 
in equal amounts. A Neogene flora analogous to that described is not known 
beyond the confines of the Soviet Far East, although some of its components 
are widespread in the Neogene of many areas. 

As in northern Sakhalin (the basins of the Troptun and Longi, and Kongi 
and Tumi), still another silicoflagellate complex has been found in 
southern Sakhalin (Pervomai area). This complex is dominated by 
Distephanus japonicus f. pseudofibula (Schulz) Gleser, which 
is very abundant in the Pervomai area and is somewhat less abundant inthe 
Shmidt peninsula. The remaining forms (Distephanus speculum 
(Ehr.) Hack. var. speculum, var. septenarius (Ehr.) Jorg. and 
var. cannopiloides (Pr.-Lavr.) Gleser, and Paradictyocha poly- 
actis f. mesocenoides Freng.) are represented by isolated or rare 
specimens and do not occur everywhere. The stratigraphic position of this 
complex is not quite clear. Its dominant form, Distephanus japonicus 
f. pseudofibula (Schulz) Gleser, is widespread in the Miocene. 


Analysis of publications and our own observations reveal the following 
characteristic of the silicoflagellate flora of the Neogene. In its generic 
composition, the Neogene flora resembles that of the Paleogene. Such 
genera as Dictyocha Ehr., Naviculopsis Freng., Distephanus 
Stohr, Cannopilus Hack. and Mesocena Ehr. persist during the 
Neogene together with two new monotypic genera, Paradictyocha 
Freng. and Notyocha Defl., and the genus Deflandryocha Jerk. 
On the other hand, the specific composition and, especially, the quantitative 
development of the Neogene silicoflagellate flora differ sharply from 
those of the Paleogene. The most widespread forms of the Paleogene are 
varieties of Dictyocha triacantha Ehr. and Naviculopsis bi- 
apiculata (Lemm.) Freng., whereas the genus Distephanus Stohr 
occurs in some localities only. During the Neogene a different picture 
prevails. 

Distephanus speculum (Ehr.) Hack. and D. crux (Ehr.) Hack., 
represented by several varieties and forms, are almost ubiquitous in the 
Neogene flora andoftenare dominant. The two new genera Paradictyo- 
cha Freng. and Notyocha Defl. as well as certain species (Diste - 
phanus japonicus (Defl.) Gleser, Dictyocha retrospina Defl., 
etc.), appearing in the Neogene are phylogenetically related to Diste- 
phanus speculum (Ehr.) Hack. Most of the species of Dictyocha 
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Ehr. known from the Paleogene (D. frenguellii Defl., D. transitoria 
Defl., D. rotundata Jousé, etc.) were not encountered in the Neogene. 

D. triacantha Ehr. is also widespread throughout the Paleogene but very 
rare in the Neogene, except in Japan where significant amounts occur 
(Ichikawa, 1956). Of the ancient species of Dictyocha Ehr., only 

D. fibula Ehr. persists in the Neogene. Two new species related to 

D. fibula Ehr. —D. mutabilis Defl. andD.ausonia Defl. — appear in 
the Neogene; the former is found in North America only, while the latter 

is known from Italy, California and Sakhalin. 

A variety of one of the most characteristic species of the Eocene flora 
(Naviculopsis biapiculata (Lemm.) Freng.) has been found in the 
Neogene only in North Africa (Oran) and southern Sakhalin. A peculiar form 
of this same species is encountered in southern Sakhalin (Sheshukova- 
Poretskaya, 1959). Moreover, N. iberica was described from the 
Neogene of Spain and N. rectangularis (Schulz) Freng. from the 
Miocene of Yugoslavia and Hungary. 

A few species of Mesocena Ehr. and Cannopilus Hack. are more 
widespread in the Neogene compared to the Paleogene. 


199 


Lower Quaternary silicoflagellates 


Quaternary silicoflagellates have not been studied specially, but numer- 
ous works dealing mainly with diatoms contain data on silicoflagellates of 
this period. 

Together with diatoms, the following silicoflagellates are regarded as 
indications of the marine interglacial deposits of the Gulf of Danzig 
(Schulz, 1928): Dictyocha Tibwul Ene var. TYbula t. “Mbures 
Distephanus speculum (Ehr.) Hack. var. speculum and var. 
septenarius (Ehr.) Jorg. 

Brander (1943) found skeletons of several silicoflagellate species in the 
interglacial deposits of the Karelian isthmus, in the area of Raukhiala 
village; most numerous are Distephanus speculum (Ehr.) Hack. var. 
speeurim and Dictyocha Tibula Ehr: var. frbula. “fibwPa, 
which he regards as characteristic of these deposits. Other varieties of 
Distephanus speculum (Ehr.) Hack. (var. pentagonus Lemm., 
var. septenarius (Ehr.) Jorg., var. cannopiloides (Pr.-Lavr.) 
Gleser) occur rarely. Of particular interest is the rare occurrence of 
specimens of Distephanus crux (Ehr.) Hack. in one of the samples. 
According to Brander, samples from deeper waters are richer in 
silicoflagellates, while there are few skeletons in deposits of the coastal 
zone. 

Isolated specimens of Distephanus speculum (Ehr.) var. spe- 
culum were found in the intermoraine deposits of the town of Povenets in 
the Karelian Autonomous SSR (Sheshukova-Poretskaya, 1955) and rare 
specimens were found by N. V. Anisimova (Sheshukova-Poretskaya, 1.c.) 
inthe intermoraine clays of the Mga River near Gora station in the Leningrad 
Region. Very rare amounts of Dictyocha fibula Ehr. var. fibula 
f. fibula and Distephanus speculum (Ehr.) Hack. occur in the 
intermoraine deposits of the watershed between the Tosno and Sablinka 
rivers in the Leningrad Region (Sheshukova-Poretskaya, l.c.). The same 
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species occur in marine intermoraine deposits of the Leningrad Region 
(collected by Stepanova and Chizhikova). According to Stepanova, both 
species are very abundant. Dictyocha fibula Ehr. var. fibula 

f. fibula is very abundant in the intermoraine stratum of the Lake 
Ladoga basin, Distephanus speculum (Ehr.) Hack. var. speculum 
is abundant and var. pentagonus Lemm. rare here (Cheremisinova, 
1957). Very rare to rare skeletons of D. speculum (Ehr.) Hack. var. 
speculum occur in the interglacial deposits of the Dnieper-Valdai epoch 
of Karelia (Levina Gora and Vidlitsa) (Lak, 1959). Sheshukova-Poretskaya 
(1955) regards this species as part of the characteristic complex of micro- 
scopic algae associated with the marine intermoraine deposits of the 
European USSR. 

Kuptsova encountered isolated specimens of D. speculum (Ehr.) Hack. 
var. speculum inthe Folas transgression of the Kola peninsula. 

Zhuze (1959) reports one silicoflagellate species, Dictyocha (Dis- 
tephanus) octonaria Ehr. from horizon III of bottom deposits of 
the northwestern Pacific, as a component of the warmwater diatom 
complex of interglacial time. 

In a sample of interglacial Mga clays we found 2 silicoflagellate 
epecies — Dictyochsa. fibula Ebr var.itbulact. fibula and 
Distephanus speculum (Ehr.) Hack. var. speculum, both 
abundant. 

To sum up, the Quaternary silicoflagellate flora contains a modest 
number of species. The cold-water form Distephanus speculum. 
(Ehr.) Hack. var. speculum was the most abundant and widespread 
silicoflagellate during the Quaternary of northwestern Europe; in second 
place was the warmwater Dictyocha fibula Ehr. var. fibula f. 
fibula, although Distephanus speculum var. septenarius 
(Ehr.) Jorg. appears in considerable amounts in some localities. Dis - 
tephanus crux (Ehr.) Hack. var. crux and D. octonarius (Ehr.) 
Defl. can be characterized as very rare; the latter species is common to 
Quaternary marine deposits of the European USSR and the Pacific Ocean. 

All the silicoflagellate forms encountered in deposits of the Quaternary 
period are known from the Neogene. The Quaternary silicoflagellate flora 
is considerably impoverished in comparison with that of the Neogene. 

Not a single new form appeared during the Quaternary. Moreover, many 
species and genera which flourished in the Neogene apparently vanished 
during the Quaternary. 


Recent silicoflagellates 


The earliest descriptions of silicoflagellates of Recent seas appeared 
more than 100 years ago (Ehrenberg, 1841, 1844b). At present, most of 
the taxons established by Ehrenberg are only of historical interest. 

Descriptions, figures and data on the location of many Recent silico- 
flagellates can be found in the works of Schulz (1928) and Gemeinhardt 
(1930). 

Some publications dealing with the plankton of Recent seas contain 
descriptions and drawings of silicoflagellates (Hackel, 1887; Lemmer- 
mann, 1901b, 1903, 1908; Marshall, 1934; Gran et Braarud, 1935; 
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Gail, 1950; Gaarder, 1954; Frenguelli, 1960; Frenguelli and Orlando, 
1958, etc.). Many studies of the plankton of the Recent seas include lists 
of silicoflagellates. Of particular value are publications containing exact 
information about temperature, salinity, depth and other environmental 
factors, as well as the amounts of silicoflagellates collected (Palibin, 
1903 —1906; Linko, 1907, 1912; Gran, 1915; Kiselev, 1925, 1931, 1935a, 
1939; Usachev, 1935; Braarud, 1945; Braarud, Gaarder and Gr¢gntved, 
1953; Morozova-Vodyanitskaya, 1948, 1954; Gaarder, 1954; Kuz'mina, 
1962b, etc.). Hovasse (1932, 1937) and Frenguelli (1935, 1938a, b) studied 
Recent silicoflagellates mainly in order to explain variations of their 
skeleton. 

Zhuze (1957, 1960, 1962) reports the presence of silicoflagellate 
skeletons in Recent deposits of Far Eastern seas. 

Of particular value is the article of Proshkina- Lavrenko (1959) on the 
silicoflagellates of the Black Sea. In addition to descriptions of the taxons, 
original drawings, indications on the occurrence and data on the ecology 
of the different forms, this article stresses the link between the Recent 
silicoflagellate flora and the ancient flora of the Black Sea basin. 

A list of silicoflagellates inhabiting Recent seas and oceans can be 
compiled from the pertinent literature. 

According to Deflandre (1950), only 3 species, each with varieties of 
its own, live in the plankton of Recent seas: Dictyocha fibula Ehr. 
typica (=var. fibula f. fibula),* f. aculeata Lemm. (= var. 
aculeata Lemm.), var. messanensis Lemm. (=var. messanensis 
(Hack.) Lemm.), var. stapedia Lemm. (= var. stapedia (Hack.) 
Lemm.), D. speculum Ehr. typica (= Distephanus speculum 
(Ehr.) Hack. var. speculum), var. regularis (=D. speculum 
var. regularis Lemm.), f. varians Gran et Braarud (= D. speculum 
f.. varians Gran et Braarud), and D. octonaria Ehr. typica (= D. 
octonarius (Ehr.) Defl. var. octonarius). 

This list, however, is not complete. Many authors (Hackel, 1887; 
Lemmermann, 1901b, 1903, 1908; Schulz, 1928; Gemeinhardt, 1930; 
Frenguelli, 1935; Gaarder, 1954; Proshkina-Lavrenko, 1959; Cassie, 
1960) report the finding of Distephanus crux (Ehr.) Hack. var. crux. 
Schulz (1928) points out that this species is a common inhabitant of the 
plankton of the Adriatic Sea. Analysis of the preparation from Samarang 
(no. 3382 of the collection of H. Boecker) and examination of the drawings 
of D. crux (Ehr.) Hack. var. crux in the literature has convinced us 
that this silicoflagellate indeed lives in Recent seas. 

D. speculum var. pentagonus Lemm. occurs in the Atlantic 
and Antarctic oceans (Gemeinhardt, 1930, 1931a, 1934). Many investi- 
gators (Borgert, 1891; Jérgensen, 1899; Lemmermann, 1901b, 1908; 
Schiller, 1925; Gemeinhardt, 1930, 193la, 1934; Braarud, 1945; Gaarder, 
1954; Kiselev, 1959b; Proshkina-Lavrenko, 1959; Paasche, 1960; 
Kuz'mina, 1962, and others) include D. speculum var. septenarius 
(Ehr.) Jorg. in their lists. 

Still another variety of D. speculum (Ehr.) Hack. — var. canno- 
piloides (Pr.-Lavr.) Gleser — occurs in plankton of Recent seas 
(Lemmermann, 1901b; Gemeinhardt, 1930, 1931a, 1934; Frenguelli and 
Orlando, 1958; Proshkina-Lavrenko, 1959, and others). 
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Distephanus octonarius var. polyactis (Jorg.) Gleser was 
found by several authors (Jorgensen, 1899; Lemmermann, 1903, 1908; 
Gemeinhardt, 1930, 193la, 1934; Proshkina-Lavrenko, 1959). D. octo- 
narius var. cyrtoides (Hack.) Gleser was found by Hackel (1887) 
in the central part of the Pacific Ocean and by us near the southern coast 
of Kamchatka. 

Several workers have found two forms of Dictyocha fibula var. 
messanensis —f. spinosa Lemm. (Lemmermann, 1901b; Gemein- 
hardt, 1930, 1934; Gaarder, 1954), andf. longispina Lemm. 
(Lemmermann, 1901b; Gaarder, 1954). Moreover, Gaarder (1954) 
encountered D. fibula var. pentagona Schulz, which had been regarded 
as extinct. The living specimen found by Gaarder differs from fossil 
skeletons in the presence of accessory spines (Gaarder, 1954, Figure 13). 

Mesocena stellata Hack. occurs in the central part of the Pacific 
Ocean (Hackel, 1887). 

Other species of Mesocena reported from Recent seas (Lemmer- 
mann, 1901b; Schulz, 1928; Gemeinhardt, 1930) require further 
study. 

The presence of Dictyocha navicula Ehr. and Cannopilus 
hemisphaericus (Ehr.) Hack. in Recent plankton may be doubtful, 
since skeletons of these silicoflagellates could have been washed out of 
ancient deposits. 

In his article Usachev (1947a) presents data on the total number of 
silicoflagellate species and their proportion in the algal plankton of northern, 
southern and Far Eastern seas. However, the figures in this work cannot 
be readily used since the author includes dinoflagellates among the silico- 
flagellates. At any rate, it is evident that the seas of the Soviet Union 
have a relatively poor silicoflagellate flora. 

Only one work (Proshkina-Lavrenko, 1959) deals in particular with the 
silicoflagellates of the seas of the USSR. Nevertheless, some idea of the 
species composition of the silicoflagellate flora can be obtained from a 
perusal of numerous publications. 

Nikolaev (1953) writes that in the open part of the Gulf of Riga, where 
salinity is 1.5% lower than in the open waters of the Baltic Sea, isolated 
specimens of Distephanus speculum (Ehr.) Hack. are encountered. 
However, this form appears in a depressed condition and does not repro- 
duce here. 

Several works contain lists of the silicoflagellates found in the northern 
seas of the USSR (Merezhkovskii, 1878; Reinhardt, 1882; Meunier, 1910; 
Palibina, 1903—1906; Linko, 1907, 1912; Kiselev, 1925, 1928, 1935a, 
1939, 1957; Zabelina, 1930, 1946; Usachev, 1935, 1946, 1947b, 1949, 1961; 
Shirshov, 1937; Meier, 1938; Poretskii, 1939; Korotkevich, 1960). 

In the White Sea, in addition to D. speculum (Ehr.) Hack. var. 
speculum which is ubiquitous and sometimes appears in large amounts, 
sparse populations of D. speculum var. regularis Lemm. and 
Dictyocha fibula Ehr. var. fibula f. fibula are known. 

The plankton of the Barents Sea includes Distephanus speculum 
(Ehr.) Hack. var. speculum, var. regularis Lemm. and var. 
septenarius (Ehr.) Jorg. Moreover, D. speculum f. pseudo- 
fibula Schulz (= D. japonicus f. pseudofibula (Schulz) Gleser) 
was reported from these waters (Korotkevich, 1960). This form was 
hitherto regarded as extinct. The absence of a drawing makes a con- 
firmation of this diagnosis difficult. 
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D. speculum (Ehr.) Hack. var. speculum is the only form known 
from the Gulf of Pechora and Kara and East Siberian seas. D. speculum 
var. regularis Lemm. is the dominant silicoflagellate of Laptev and 
Chukchee seas, where it occurs together with very rare to rare specimens 
of D. speculum (Ehr.) Hack. var. speculum. 

D. speculum var. septenarius (Ehr.) Jorg. and var. octonarius 
(Ehr.) Jorg. (= D. octonarius (Ehr.) Defl. var. octonarius) were 
discovered in the plankton of the Arctic Ocean near the North Pole 
(Usachev, 1961). Isolated skeletons of these forms were also found ina 
sample of ice from the ''Papanin ice floe."' 

In addition to the review by Proshkina-Lavrenko (1959), information on 
the silicoflagellates of southern seas of the USSR can be found in a number 
of other works on the phytoplankton (Reingard, 1909; Usachev, 1927; 
Gemeinhardt, 1930; Mikhailovskaya, 1936; Stroikina, 1940; Morozova- 
Vodyanitskaya, 1940, 1948, 1954; Pitsyk, 1954). 

D. speculum (Ehr.) Hack. var. speculum andD. octonarius 
(Ehr.) Defl. var. octonarius were found in the Caspian Sea. 

The Black Sea has a more varied silicoflagellate flora: Dictyocha 
fibula! Ehr> van fibula’f. fibula, Distephanus le rx (Eee 
Hack. var. crux, D. speculum (Ehr.) Hack. var. speculum and var. 
septenarius (Ehr.) Jérg., D. octonarius (Ehr.) Defl. var. octo- 
narius andvar. polyactis (Jorg.) Gleser. 

Only isolated skeletons of D. speculum (Ehr.) Hack. var. speculum 
occur in the Sea of Azov. 

Information on the silicoflagellates of Far Eastern seas can be found 
in works dealing with the phytoplankton (Kiselev, 1931, 1935b, 1937, 
1959a, b; Gail, 1950; Zabelina, 1953; Smirnova, 1956, 1959; Kuz'mina, 
1959, 1962b; Semina, 1959, 1960) as well as in biological studies of 
Recent deposits of these seas (Zhuze, 1957, 1960, 1962). 

D. speculum var. regularis Lemm. and Dictyocha fibula 
Ehr. var. fibula f. fibula are known from the plankton of the Bering 
Sea. In surface sediments Distephanus crux var. stauracanthus 
(Ehr.) Lemm. (= D. stauracanthus (Ehr.) Hack.) and D. speculum 
var. octogena, D. speculum (Ehr.) Hack. var. speculum and 
Dictyocha fibula var. aculeata Lemm. were found. It is very 
probable that the first form does not occur in situ in these sediments, but 
was redeposited from more ancient deposits. 

From the plankton of the Sea of Okhotsk we know of Distephanus 
speculum (Ehr.) Hack. var. speculum and var. regularis Lemm., 
and D. octonarius (Ehr.) Defl. var. octonarius. Skeletons of 
Dictyocha fibula var. aculeata Lemm., Distephanus crux 
(Ehr.) Hack. var. crux, and D. speculum (Ehr.) Hack. var. speculum 
occur in the surface stratum of sediments. 

In the Sea of Japan occur Dictyocha fibula Ehr. var. fibula f. 
fibula, Distephanus speculum (Ehr.) Hack. var. speculum, 
var. cannopiloides (Pr.-Lavr.) Gleser and var. septenarius 
(Ehr.) Jorg., D. octonarius (Ehr.) Defl. var. octonarius, Canno- 
piloides hemisphaericus (Ehr.) Hack. and Mesocena circulus 
Ehr. The last two forms have probably reached the Sea of Japan waters 
from ancient sediments. 

From all these data, it appears that the most widespread species at 
present is Distephanus speculum (Ehr.) Hack., especially its type 
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variety. It is noteworthy that Dictyocha fibula var. aculeata 
Lemm., D. fibula var. messanensis (Hack.) Lemm. and its forms, 
as well as D. fibula var. stapedia (Hack.) Lemm. and Distephanus 
speculum f. varians Gran et Braarud are only known from Recent 
seas and do not occur in fossil state. 


6. PHYLOGENY OF SILICOFLAGELLATES 


Schulz (1928) can be credited with the first attempt to trace the evolution 
of silicoflagellates. He has outlined, although very schematically, the main 
trend in the evolution of silicoflagellates from the simple triangular 
skeleton of the Paleogene representatives of Dictyocha Ehr. to forms 
with more complex skeletons (Distephanus Stohr and Cannopilus 
Hack.). 

Deflandre (1933a, 1936, 1940a, b, 1941, 1944, 1950, 1952a, b) devotes 
considerable attention to the evolution and phylogeny of silicoflagellates. 

According to Deflandre, the basic silicoflagellate type (the genera 
Corbisema Hannaor Dictyocha Ehr.) has persisted almost unchanged 
from the Cretaceous until the Recent epoch. All deviations from the original 
type proved less adaptable and vanished during evolution. Deflandre 
maintains that there are 3 trends in the evolution of the group. 

The first trend manifests itself in a reduction of basic parts of the 
skeleton, such as the basal ring or the apical apparatus. Thus, the loss 
of the basal ring in species of Corbisema Hanna during the Cretaceous 
created the regressive family Vallacertaceae Defl. According to Deflandre 
(1950, Figures 61—67) the skeleton of the genus Vallacerta Hanna is 
derived from that of Corbisema geometrica Hanna by a process of 
reduction to an apical plate and lateral rods. The genera Cornua Schulz 
and Lyramula Hanna are successive stages in the regression of a 
hypothetical species of Corbisema witha very high apical apparatus 
(Deflandre, 1950, Figures 69—79). Further, the loss of the apical 
apparatus in Tertiary silicoflagellates led to the formation of the genus 
Mesocena Ehr. emend. Defl. 

The second trend in the evolution of the group is related to changes in 
the form of the skeleton. Thus, the prototype of the genus Dictyocha 
Ehr. evolved into Naviculopsis Freng. with an elongated basal ring 
and into Cannopilus Hack. with a spherical skeleton. 

The third trend involves minor changes of the original skeleton. 
Examples are the loss of the tubular skeleton characteristic of the genus 
Phyllodictyocha Defl. and the formation of dentate ribs on the radial 
horns in the genus Nothyocha Defl. 

None of these trends have survived during the course of time, and 
genera which deviated from the highly successful prototype have become 
extinct. The only genus still alive today is Dictyocha Ehr.,* whose 
basic skeletal type has remained unchanged for more than 80,000,000 years 
(Deflandre, 1952b). 

A comparative study was made of silicoflagellate skeletons from Upper 
Cretaceous deposits of the eastern slope of the Urals, from Paleogene 


* Deflandre places all the species of Diste phanus Stdhr in the genus Dictyocha Ehr. 
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sediments of the Ukraine, the Volga area, the eastern slope of the Urals 
and the West Siberian plain, from Neogene rocks of the Northern Caucasus, 
Kamchatka, the Kurile Islands, Sakhalin, and from Quaternary deposits 

of the Leningrad Region. This research, together with a review of publications, 
revealed the phylogenetic links between certain genera and species (see 
scheme) and showed the successive stages in the evolution of the group. 

In a number of points, our results diverge from the views of Deflandre. 

Paleontological evidence does not conclusively indicate that Dictyocha 
Ehr. (or Corbisema Hanna, according to Deflandre) is the earliest 
silicoflagellate genus. No thorough study has yet been made of Lower 
Cretaceous silicoflagellates. The accidental findings of skeletons of 
Dictyocha triacantha Ehr. in the Lower Cretaceous of Germany 
indicate merely that this is an ancient species. 

The abundance of Corbisema geometrica Hanna in the Maestrich- 
tian of California (Deflandre, 1950; Mandra, 1960) also is not proof of its 
greater antiquity than the families Cornuaceae Gem. or Vallacertaceae 
Hanna. Indeed, Vallacerta Hanna and Lyramula Hanna are abundant 
in the Maestrichtian of California, while the dominant complex of the 
Santonian-Campanian of the eastern slope of the Urals consists entirely 
of members of the families Vallacertaceae Defl. and Cornuaceae Gem.; 
species of Dictyochaceae Lemm. occur in this complex much less fre- 
quently and in negligible amounts. 

The abundance and wide distribution of Lyramula Hanna and Cornua 
Schulz in Upper Cretaceous deposits, as well as the primitive structure of 
their skeletons, indicate that the original family is Cornuaceae Gem., and 
not Dictyochaceae Lemm. as Deflandre (1950) believes. My own views 
(Glezer, 1959) on this topic agree with those of Proshkina-Lavrenko (1959). 

In the course of evolution, the divisions of the class Silicoflagellato- 
phyceae do not occupy equivalent positions. Thus, the monotypic family 
Vallacertaceae Defl. stands far apart from the rest of the class. In con- 
trast to the remaining silicoflagellates, the skeleton of species of Valla - 
certa Hanna consists of a continuous, undifferentiated polygonal plate 
from whose corners usually arise hollow outgrowths resembling radial 
horns. Because of the external similarity of the skeleton of this genus and 
the apical apparatus of Corbisema geometrica Hanna, Deflandre 
(1950) regards the polygonal plate of Vallacerta as an apical plate. 
Since no direct relationships have been established between the genus 
Vallacerta Hanna and the other silicoflagellate genera, there is no 
justification for interpreting the skeleton of this genus as homologous 
to skeletal formations of other silicoflagellates. 

No trace of a silicoflagellate related to the genus Vallacerta Hanna 
has been found in much later sediments. This genus probably represents 
a blind alley of development. The evolution of the 4 known species of 
Vallacerta is essentially confined to the Upper Cretaceous. Morpho- 
logically, these species are now close to one another, which undoubtedly 
reflects an intimate phylogenetic link. The wide range and abundant 
occurrence of V. hortonii Hanna suggests that this species may be 
more ancient than the rest. It is possible that it gave rise to V. tumidula 
Gleser by minor changes in the structure of the plate and to V. simplex 
Jousé by a reduction of the radial horns. The latter two species have a 
relatively small range — the eastern slope of the Urals — and are abundant 
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in some localities only. These features suggest a greater specialization 
and probably a younger age than V. hortonii Hanna. The same con- 
siderations apply to the Californian species V. hannai Defl. Almost all 
the remaining silicoflagellate genera have a skeleton consisting of hollow 
siliceous rods. All these genera have a common origin. 

The Cretaceous genus Lyramula Hanna of the family Cornuaceae 
Gem. has a skeleton of the simplest type consisting of U- or Y-shaped 
rods. From the Upper Cretaceous deposits of California, Deflandre (1950, 
Figures 167, 173) described skeletons of Lyramula sp. with 3 rods 
forming a dome characteristic of silicoflagellates; we have observed such 
skeletons in samples from the eastern slope of the Urals (Figure 16, 3). 
These findings indicate that the Lyramula skeleton is homologous to 
the apical apparatus of other, more advanced silicoflagellates. Such 
skeletons with 3 rods provide a phylogenetic link between Lyramula 
Hanna and another genus of the same family — Cornua Schulz 
(Figure 16, 1—5). 

Species of Lyramula, suchas L. furcula Hanna and L. simplex 
Hanna, are characterized by a wide geographical range and a comparatively 
brief period of existence. Abundant and widespread fossils of these forms 
occur only in the Upper Cretaceous of California and the eastern slope of 
the Urals; both species disappear at the beginning of the Tertiary. 

Unlike Vallacerta Hanna, the genus Lyramula Hanna represents 
a progressive stage in the evolution of silicoflagellates. Further modifica- 
tion of the Lyramula skeleton during the Cretaceous leads to differentia- 
tion of the genus Cornua Schulz. 

In this genus, the apical rods already form the true dome typical of 
silicoflagellates on the whole (Figure 16, 4, 5) and there are well developed 
supporting spines and rudiments of a basal ring. There are only 3 known 
species: C. aculeifera Defl. described from the Upper Cretaceous of 
California and very rarely encountered in Upper Cretaceous deposits of 
the eastern slope of the Urals; C. trifurcata Schulz known from the 
Senonian of the Gulf of Danzig and the eastern slope of the Urals; and 
the rare species C. poretskajae Gleser encountered in only 2 localities 
of Sverdlovsk Region. The first two species are rather specialized morpho- 
logically, while C. poretskajae Gleser represents a more progressive 
stage in the evolution of silicoflagellates. Indeed, a form of the type of 
C. poretzkajae Gleser could readily be a transition to Dictyocha 
triacantha var. inermis Lemm. f. inermis through coalescence 
of the basal rods into the basal ring characteristic of the family Dictyo - 
chaceae Lemm. (Figure 16,6). This hypothesis is supported by the 
finding of skeletons of Cornua poretzkajae Gleser together with 
skeletons of Dictyocha triacantha var. inermis Lemm. f. 
inermis and by the roughly equal size of these structures. Moreover, 
the corners of the basal ring of some ancient D. triacantha skeletons 
bear a thin band, probably a trace of the fusion of the basal rods. 

Thus, the Mesozoic witnesses the appearance of Dictyocha Ehr., 
one of the most species-rich genera of the family Dictyochaceae Lemm., 
especially during the Paleogene. 
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FIGURE 16. Phylogenetic links between the families Cornuaceae Gem. and 
Dictyochaceae Lemm.: 


1—Lyramula simplex Hanna; 2—L. furcula Hanna; 3—Lyra- 
mula sp.; 4,5—-Cornua poretzkajae Gleser; 6—Dictyocha 
triacantha var, inermis Lemm. f. inermis. 


Dictyocha Ehr. occurs very rarely (isolated specimens) in the 
Santonian-Campanian of the eastern slope of the Urals. It is represented 
there mainly by different forms of a single species — Dictyocha tria- 
Cantha Ehr. > ihe simplest of itse is Do triacauntna var. inernis 
Lemm. f. inermis. Close relations of this form, D. triacantha 
War. apteulard Lewmm. 1. adhbiculatia angi. late-radiata, are 
already equipped with radial horns, though very short ones; D. tria- 
cantha var. apiculata f. late-radiata Schulz has features in 
common with Corbisema geometrica Hanna, which is not known 
in the Santonian-Campanian of the eastern slope of the Urals but occurs in 
large amounts in the Maestrichtian of California. A variety of silico- 
flagellates of the family Dictyochaceae have been described from the Upper 
Cretaceous deposits of the Gulf of Danzig. However, the lack of quantitative 
data makes it difficult to use these materials for an analysis of the 
development of the silicoflagellate flora. 
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FIGURE 17. Phylogenetic relationships of some species of the genus Dictyocha 
Ehr.; 


1—Dictyocha triacantha var. inermis Lemm. f. inermis; 2, 3— 
D. navicula Ehr. (2 —after Deflandre, 1950); 4—D. archangelskiana 
(Schulz) Gleser; 5—D. furcata Jousé. 


The domination of the family Dictyochaceae Lemm. begins in the 
Tertiary. Dictyocha triacantha Ehr., represented by several 
varieties, is by far the dominant silicoflagellate in the Early Paleocene 
of the eastern slope of the Urals and the Volga area. Although this species 
was already present throughout the Tertiary, its morphogenetic and 
quantitative proliferation are associated with the Paleocene. D. tria- 
cantha Ehr. is the ancestor of many other species of the genus. 

Rich material from the Early Oligocene indicates that D. triacantha 
var. inermis Lemm. f. inermis gave rise to D. archangelskiana 
(Schulz) Gleser by a gradual change in the contour of the basal ring 
(Figure 17, 4). A succession of transitional forms connect the latter 
species with D. triacantha var. inermis Lemm. f. inermis during 
the Early Paleocene; only the extreme forms differ sharply from one 
another. 
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D. archangelskiana (Schulz) Gleser already appears as an inde- 
pendent species in the Late Eocene — Ear.y Oligocene of Oamaru (New 
Zealand). Materials from the Paleocene of the eastern slope of the Urals 
prove the phylogenetic relationship between D. archangelskiana 
(Schulz) Gleser and D. furcata Jousé (Figure 17, 5). The latter species 
is confined in time to the Upper Cretaceous — Early Paleocene and in space 
to the eastern slope of the Urals. 

During the Early Eocene, the varieties of D. lamellifera Gleser 
replace those of D. triacantha Ehr. as dominant elements of the silico- 
flagellate complex. Both species are tripartite in structure, which reflects 
their mutual relationship (Figure 18, 1—3). However, D. lamellifera 
Gleser differs from D. triacantha Ehr. in the presence of flattened 
areas on the basal rods, and a reduction of the supporting spines in some 
specimens. Close to D. lamellifera Gleser is another Early Eocene 
species, D. elongata Gleser, which occurs as a frequent form on the 
eastern slope of the Urals and as a rare form in the Volga area. Along 
with a total lack of the supporting spines, a gradual reduction of 2 of the 
3 lateral rods and of 1 radial horn, and a modification of the basal ring 
from a triangle to a boat shape are observed in this species (Figure 18, 
4—8). 

Dictyocha elongata Gleser provides a direct phylogenetic link 
between the genera Dictyocha Ehr. and Naviculopsis Freng. 

Another regressive form of the genus Dictyocha Ehr. is D. navi- 
cula Ehr. The bilaterally symmetrical cell of this species is derived 
from that of D. triacantha var. inermis Lemm. f. inermis bya 
partial reduction of the skeleton (Figure 17, 1—3). Deflandre (1946, 
1950) demonstrated a direct connection between these two forms. During 
the Early Eocene, D. navicula Ehr. occurs in moderate quantities 
over a considerable range which includes Denmark, the Volga area, the 
eastern slope of the Urals and the Trans-Urals. Skeletons of this species 
are known from the Miocene of Zante Island (Greece), but differ morpho- 
logically from those found in the Paleogene. 

A form with a quadrangular basal ring which evolved from D. tria - 
cantha Ehr. (Figure 19, 1) during the Early Eocene is D. fibula var. 
fibula f. eocaenica Krotov (Figure 19, 2). There can be no doubt 
as to the phylogenetic relationship between these two silicoflagellates. 
Indeed, D. fibula var. fibula f. eocaenica Krotov so closely 
resembles D. triacantha Ehr. in the nature and arrangement of the 
supporting spines that Frenguelli (1940) regarded it as a dictyochalike form 
of Corbisema (=Dictyocha)triacantha. (Ehr.)\Freng..and C. 
apiculata (Lemm:) Frengs(= D. triacantti@ Bhr-): 

D. fibula var. fibula f. eocaenica Krotov occurs in the Early 
Eocene of Denmark and the eastern slope of the Urals. This form is 
frequently dominant in many parts of the Sverdlovsk Region, but quantitative 
data on its development in Denmark have not been published. D. fibula 
var. fibula f. eocaenica Krotov may possibly be the ancestor of 
D. fibula Ehr., whose other varieties are widespread in our day. 

D.triacantha Ehr. (Figure 19, 1) produced yet another species 
during the Eocene — D. elata Gleser (Figure 19, 4—6), whose original 
variety (D. elata Gleser var. elata) closely resembles D. triacantha 
Khe war. triacantha f. triacantha,: but differs from it in the 
structure of the lateral rods. In relation to this, the appearance of a new 
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skeletal feature during the Eocene must be noted, namely, the nearly 
perpendicular position of the lateralrods with respect to the plane of the 
basal ring. 


FIGURE 18. Phylogenetic relationships between the genera Dictyocha Ehr. and Navi- 
culopsis Freng.; 


1—Dictyocha triacantha Ehr. var. triacantha f. triacantha; 2—D. lamel- 
lifera Gleservar.lamellifera; 3—D. l. var. constricta Gleser; 4—8 —D. 
elongata Gleser; 9—Naviculopsis robusta Defl.; 10—N. biapiculata (Lemm.) 
Freng. var. biapiculata; 11—N. b. var. minor (Schulz) Gleser; 12—N. foliacea 
Defl. 
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FIGURE 19. Phylogenetic relationships among some species of the genus Dic - 
tyocha Ehr.; 


1—Dictyocha triacantha Ehr. var. triacantha f, triacantha; 2— 
D. fibula var. fibula f. eocaenica Krotov; 3—D. f. Ehr. var. fibula 
f. fibula; 4—D. elata Gleser var. elata; 5—D. e. var. media Gleser 
f. media; 6—D. e. var. media f. reducta Gleser; 7—D. spinosa 
(Defl.) Gleser; 8—D. hexacantha Schulz. 


D. elata Gleser var. elata is especially abundant in the Middle (?) 
Eocene deposits of the eastern slope of the Urals and the West Siberian 
plain. It occurs very rarely in the Upper Eocene and Upper Eocene — 
Lower Oligocene (?). This variety is also known in the Early Eocene of 
Denmark. Its quantitative occurrence is unknown. 

In the Early Oligocene (?) of the West Siberian plain this species 
produced two regressive forms — var. media Gleser f. media and 
var. media f. reducta Gleser, which occur very abundantly (Figure 19, 
a, a). 
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During the Early Oligocene (?) of the northern part of the West Siberian 

plain, D. elata var. media Gleser f. media produced a new species, 

D. spinosa (Defl.) Gleser (Figure 19, 7). A series of transitions relate 

the new species with the ancestral form here; only in the Paleogene of 

other regions (Kharkov suite, Oskol River in the Ukrainian SSR, the upper 

part of the Tas- Aran suite of the Uzen -Kairakty River, a right tributary 
21 of the Irgiz River) and in the Late Eocene — Early Oligocene of Barbados 

Island (Lesser Antilles) can D. spinosa (Defl.) Gleser be regarded as 

an independent form. 


FIGURE 20, Phylogenetic relationships of some species of the genus Dictyocha Ehr.; 


1—Dictyocha elata Gleser var, elata; 2—D. deflandrei var. completa 
Gleser f. completa; 3—D. d. var, completa f. producta Gleser; 4—D. d. 
var, bicornuta Gleser; 5—D. obliqua Gleser; 6—D. frenguellii var. car- 
entis Gleser f. carentis; 7—D. f. var. carentis f. incerta Gleser; 8—D. 
rotundata Jousé var. rotundata; 9—11—D. r. var. secta Gleser; 12, 13— 
transitional forms from D. fren guellii Defl. toD. transitoria Defl.; 14—D. 
transitoria Defl. 


This evolutional series ends in D. hexacantha Schulz (Figure 19, 8). 
The evolution from D. spinosa (Defl.) Gleser to D. hexacantha 
Schulz apparently involves a partial reduction of the lateral rods and 
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afusionofthe accessory spines with the basal ring. Skeletons of both 
species occur together in Paleogene deposits (Kharkov suite of the Dnieper- 
Donets depression; Uzen'-Kairakty River, the northwestern part of the 
Turgai Gates), which suggests that D. hexacantha Schulz appeared in 
the Paleogene. The finding of this species in the Upper Eocene or Lower 
Oligocene of Oamaru (New Zealand) indicates its extensive distribution in 
the Paleogene. D. hexacantha Schulz existed until the Late Paleogene — 
Early Neogene (the Late Eocene — Early Miocene of Barbados Island in 

the Lesser Antilles). 

Another line of evolution arises from D. elata Gleser during the 
Eocene. The new species D. frenguellii Defl. appeared at the beginning 
of the Eocene, apparently arising from D. elata var. elata Gleser 
through a sudden increase in the number of the skeletal elements. D.fren- 
guellii Defl. occurs in the Eocene of the Volga area and Western 
Siberia (Figure 20, 6, 7). We do not possess any quantitative data con- 
cerning the Volga area. In Western Siberia, one variety (var. frenguel - 
lii) of this species appears in large amounts in Late Eocene deposits only 
in a few areas of the eastern slope of the Urals and the West Siberian 
plain; another variety (var. carentis Gleser) is abundant almost every- 
where from the Middle (?) Eocene to the end of the Late Eocene — Early 
Oligocene (?). 

A tendency toward a reduction of the radial horns and a more rounded 
skeletal form is evident even within this species. Large amounts of 
skeletons of D. frenguellii var. carentis f. incerta with almost 
reduced radial horns occur in the Late Eocene and the Late Eocene — Early 
Oligocene (?) almost throughout the surveyed parts of the West Siberian 
plain and the eastern slope of the Urals. 

The above form phylogenetically links D. frenguellii Defl. with D. 
rotundata Jousé (Figure 20, 8—11). The oldest form of D. rotundata 
Jousé — var. rotundata Gleser — is closely similar morphologically to 
DO Trengvwell ti-war. careéntis. foiinc erranieser, Dr rotundata 
Jousé var. rotundata dominates in the Late Eocene— Early Oligocene (?) 
of Western Siberia, but declines in the Early Oligocene (?). 

Another form, Dictyocha rotundata var. secta Gleser, de- 
veloped from the type form by a division of the lateral rods (Figure 20, 
9—11), reaches a quantitative peak in the Late Eocene — Early Oligocene (?) 
and the Early Oligocene (?) of the same areas. 

D. transitoria Defl. also evolved from D. frenguellii Defl., but 
in a different direction. This species actually developed from D. fren- 
guelliivar. carentisGleser f. carentis by a lengthening of the basal 
ring and a reduction of two lateral radial horns (Figure 20, 6, 12— 14); 
it occurred on the eastern slope of the Urals and on the West Siberian 
plain from the Early Eocene to the Early Oligocene (?), reaching a peak 
in the Late Eocene and the Late Eocene — Early Oligocene (?). D. tran- 
sitoria Defl. is also known from the Eocene of the city of Kuznetsk 
in the Volga area. 

D. deflandrei Freng. with its several varieties is widespread in the 
Eocene. Morphologically, this species closely resembles D. frenguellii 
Defl. Transitional forms between D. frenguellii var. carentis 
Gleserf. carentis and D.deflandrei var. completa Gleser f. 
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completa occurred frequently in the Late Eocene and Late Eocene — 
Early Oligocene (?) of Western Siberia. Like D. frenguellii Defl., 

D. deflandrei Freng. shows a tendency toward lengthening of the 
skeleton and reduction of two lateral radial horns (D. deflandrei var. 
completa f. producta Gleser and D. deflandrei var. bicornuta 
Gleser) (Figure 20, 3— 4). The existence of transitional forms between 
D. deflandrei var. completa Gleserf. completa and D. fibula 
Ehr. var. fibula makes it difficult to solve the problem of the origin 

of D. deflandrei Freng. 

D. obliqua Gleser from the Late Eocene — Early Oligocene (?) of 
Western Siberia is a short-lived relation of D. deflandrei Freng. 
(Figure 20, 5). 

Several trends of evolution arise from the genus Dictyocha Ehr. 
One of these leads to the Early Eocene genus Naviculopsis Freng. 

As already mentioned, the gradual accumulation of regressive signs 
began already within the genus Dictyocha Ehr., which set the course 
for the evolutionary series D.triacantha Ehr. —D.lamellifera 
Gleser — D. elongata Gleser. The latter species is directly connected 
to Naviculopsis robusta Defl. (Figure 18, 9), also known from the 
Early Eocene of the eastern slope of the Urals, the Trans-Urals and the 
Volga area. 

The tubular nature of the skeleton of N. robusta Defl. is more pro- 
nounced than in any other species of Naviculopsis, and only small 
areas of the basal rods are flattened init. Further reduction of the inner 
canal and flattening of skeletal elements are observed in the varieties of 
N. biapiculata (Lemm.) Freng. (Figure 18, 10,11). Thus, only some 
parts of the basal rods are flattened in the skeleton of N. biapiculata 
(Lemm.) Freng. var. biapiculata, while invar. minor (Schulz) the 
inner canal is reduced even in the apical rod. These two varieties occur 
together and in small amounts in the Early Eocene of the eastern slope of 
the Urals, but are often dominant in the Middle (?) and\Late Eocene of 
the eastern slope of the Urals and the West Siberian plain. N. biapi- 
culata (Lemm.) Freng. also predominate in the Late Eocene silico- 
flagellate complex of California (Mandra, 1960). 

Further flattening of the skeletal elements during the Late Eocene — 
Early Miocene leads to N. foliacea Defl., known from Barbados Island 
in the Lesser Antilles (Figure 18, 12). The presence of skeletons with a 
very wide apical rod in N. biapiculata var. minor (Schulz) Gleser 
confirms the phylogenetic link between it and N. foliacea Defl. 

(Figure 18, 11). The origin of N. trispinosa (Schuiz) Gleser is 
obscure; this species may be a side branch in the evolution of N. bi- 
apiculata (Lemm.) Freng. 

Still another genus, Phyllodictyocha Defl., can be traced back to 
Dictyocha Ehr. Here the evolutional changes affect only the structure 
of the skeleton, which in Phyllodictyocha Defl. consists of flat, solid 
rods without an inner canal. As far as the form of the skeleton is concerned, 
both species of this genus — Ph. recta (Schulz) Defl. and Ph. schulzii 
Defi. from the Late Eocene — Early Miocene of Barbados — closely re- 
semble D. triacantha Ehr. 

Further evolution of silicoflagellates led toward modification of the 
apical apparatus. Already in the Eocene, genera suchas Distephanus 
Stohr and Cannopilus Hack. are known, in which the BPIee, apparatus 
is far more complex than in Dictyocha Ehr. 
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The close relationship between the genera Dictyocha Ehr. and 
Distephanus Stohr. was stressed by Lemmermann (1901b) and 
Gemeinhardt (1930); Frenguellii (1940) and Deflandre (1950) even deny 
the generic rank of Distephanus Stohr and place its species in the 
genus Dictyocha Ehr. 

Gemeinhardt (1930, p. 24, Figure 8a, b) explains the formation of the 
genus Distephanus Stohr from Dictyocha Ehr. thus: an opening 
could readily appear in the widened apical plate of D. fibula var. fibula 
f. rhombica Schulz, creating the species Distephanus crux (Ehr.) 
Hack. Another essential condition for such development is the formation 
of an inner canal in the remaining part of the apical plate, since the apical 
ring of all species of Distephanus Stohr is invariably tubular. On the 
other hand, D. crux (Ehr.) Hack. could also have evolved from Dictyocha 
deflandrei Freng., which has a very wide apical plate. 

D. speculum (Ehr.) Hack. probably developed from D. crux (Ehr.) 
Hack. by an increase in the number of skeletal elements. 

The phylogenetic relationships of D. antiquus Gleser are not quite 
clear. The skeleton of this species has essentially the same pattern as 
D. speculum (Ehr.) Hack., although some of its features are reminiscent 
of Dictyocha rotundata Jousé. Skeletons of Distephanus anti- 
quus Gleser occur in the Early Oligocene (?) deposits of the northern 
part of the West Siberian plain and in the Late Eocene deposits of the Aral 
area. 

D. crux (Ehr.) Hack. is extremely rare in the Early Oligocene (?) 
deposits of the West Siberian plain. Numerous skeletons of this species 
occur in the Paleogene of the Uzen'-Kairakty River (a tributary of the 
Irgiz River), in the Neogene of the Caucasus (Maikop series), the Sar- 
matian stage of the Dnepropetrovsk Region, the Neogene of Sakhalin (lower 
part of the Diatom suite), and in the Miocene of North America. In the 
two latter localities, D. crux (Ehr.) Hack. is not only dominant, but 
shows marked morphological diversity. Only isolated specimens of this 
species are known from the Lower Quaternary and from Recent seas. 

Another species of Distephanus Stohr, — D. speculum (Ehr.) 
Hack. represented by several forms, appeared during the Late Eocene. 

For the Late Eocene of Western Siberia only isolated occurrences of 
D. speculum (Ehr.) Hack. var. speculum are known. D. speculum 
var. pentagonus Lemm. also appears very rarely in the Late Eocene 
and Early Oligocene (?) of Western Siberia; small amounts of this variety 
occur in the Paleogene of the Uzen'-Kairakty River, together with isolated 
specimens of D. speculum var. cannopiloides (Pr.-Lavr.) Gleser. 
All these forms of D. speculum (Ehr.) Hack. are known from the Late 
Eocene or Early Oligocene of California (Krayenhagen formation). 

D. speculum (Ehr.) Hack. becomes especially diverse and abundant 
in the Neogene. Thus, D. speculum (Ehr.) Hack. var. speculum 
often predominates in the Neogene of Sakhalin, Kamchatka and the Kurile 
Islands. D. speculum var. cannopiloides (Pr.-Lavr.) Gleser, a 
silicoflagellate of considerable morphological diversity, is widespread in 
the Neogene of various parts of Europe, Sakhalin and America. 

Only one variety — D. speculum (Ehr.) Hack. var. speculum — 
can be characterized as widespread and abundant in the Lower Quaternary, 
at least in some areas. The skeleton of this variety is distinguished by 
its morphological stability. 
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Two lines of evolution arise from D. speculum (Ehr.) Hack. in the 
Neogene. 

Reduction of the apical ring of D. speculum (Ehr.) Hack. var. 
speculum (Figure 21, 1) leads to the regressive species D. japonicus 
(Defl.) Gleser with 2 forms (Figure 21,5—9), one of which, D. japonicus 
f. japonicus, appears to be confined to the Pacific zone (Sakhalin, 
Japan), and occurs very rarely on Sakhalin. The second form, f. pseudo- 
fibula (Schulz) Gleser, has a wider range which includes the Neogene of 
Europe. 
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FIGURE 21. Phylogenetic relationships between the genera Distephanus 
Stohr and Paradictyocha Freng. 


1—Distephanus speculum (Ehr.) Hack. var. speculum; 2—D.s. 
var. septenarius (Ehr.) Jorg; 3—D. octonarius var. polyactis 
(Jorg.) Gleser; 4—Paradictyocha polyactis f. completa Freng.; 
5-7 — Distephanus japonicus f. pseudofibula (Schulz) Gleser; 
8, 9—D. j. (Defl.) f. japonicus. 


In the other line of evolution, D. octonarius (Ehr.) Defl. evolved 
from D. speculum (Ehr.) Hack. by an increase in the number of skeletal 
elements (Figure 21, 1—3). This species is rather rare both in the 
Neogene and in Recent seas. 

D. octonarius var. polyactis (Jérg.) Gleser provides a phylo- 
genetic link between Distephanus Stohr and the closely related mono- 
typic genus Paradictyocha Freng. (Figure 21, 4). Both forms of 
P. polyactis (Ehr.) Freng. are widespread in the Neogene, although 
they occur rather rarely in the Neogene of Sakhalin. 
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Distephanus Stohr gave rise during the Neogene to another monotypic 
genus, Nothyocha Defl. Its species, N. insolita Defl., is known from 
the Miocene of Italy; morphologically, it closely resembles Distephanus 
speculum (Ehr.) Hack. var. speculum. 

The genus Cannopilus Hack. has an even more complex apical 
apparatus than Distephanus Stohr. Several authors who have worked 
with Neogene materials (Schulz, 1928; Gemeinhardt, 1930) maintain that 
these two genera are closely related. 

A species of this genus, Cannopilus hemisphaericus (Enhr.) 
Hack., proved to be a more ancient species than hitherto believed. It 
occurs, though rather rarely, in the Late Eocene of the West Siberian 
plain. However, no transitional forms were found there between this 
species and species of other genera. Another species, C. sphaericus 
Gem. with a more complex skeleton, is known only from the Miocene of 
Hungary and the Neogene (?) of California. The origin of this species 
remains obscure. The species, C. ernestinae Bachmann, C. picassoi 
Stradner, C. schulzii, etc., are known only from the Neogene of 
various countries. 

With respect to the genus Mesocena Ehr. emend. Defl., the published 
data are too contradictory and our own experience too limited to attempt 
to trace its phylogenetic links. This genus may indeed be a collective one, 
comprising species of polyphyletic origin. 


To sum up, the families Vallacertaceae Defl. and Cornuaceae Gem. 
predominates during the Upper Cretaceous. The genus Cornua Schulz 
provided a phylogenetic link between the latter family and Dictyochaceae 
Lemm., which flourished during the Tertiary. Most species of Dictyocha 
Ehr., the oldest genus of the family, appeared during the Paleogene. 
During the Paleogene, Dictyocha Ehr. gave riseto the genera Diste- 
phanus Stohr and Naviculopsis Freng.; the latter is typical of the 
Paleogene. Species of Distephanus Stohr and Cannopilus Hack. 
flourished during the Neogene. During the same period, Distephanus 
Stohr produced the new genera Nothyocha Defl. and Paradictyocha 
Freng. Only a few species of two genera, Dictyocha Ehr. and 
Distephanus Stohr, persisted in the Lower Quaternary. These same 
members of the family Dictyochaceae populate Recent seas and oceans. 
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218 tr) «~SYSTEMATIC PART 


Phylum CHRYSOPHYTA 
Class SILICOFLAGELLATOPHYCEAE BORGERT 


Silicoflagellatae Borgert (1891), Z.wiss. Zool., Bd. 51, p. 663. 
Microscopic, unicellular, autotrophic, uniflagellate marine planktonic 

algae with an internal, usually hollow, siliceous skeleton of more or less 

regular geometric form. 

Key to the Orders 

I... Skeleton consists of a flat, undifferentiated plate: =. w6).e./asi@obet 


rote Moe tae Fier aathel ot aeowlod Atk Vallacertales (p. 234), 
II. Skeleton composed of tubular rods ..... Siphonotestales (p. 236), 


Order VALLACERTALES Gleser 


Skeleton consists of an undifferentiated polygonal plate. 


Family VALLACERTACEAE Defl. emend. Gleser 
Vallacertidae Deflandre (1950), Microscopie, 2, p. 48. 


Skeleton represents a polygonal plate. 


Genus 1. Vallacerta Hanna 


*Hanna (1928), J. Paleontol. 1, 4, p. 262; Deflandre (1950), Microscopie, 
2, p. 57; Glezer (1959), Inform. sb. VSEGEL, 10; jp. *10e: 


* (Description citations are as given in the original Russian text. The reader should note that the term 
"Table" can also refer to plates or pictures. ] 
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Skeleton consists of a polygonal, convex apical plate with narrow hyaline 
margin and with radial horns arising from the corners of the plate. The 
plate surface bears a conspicuous fine reticulate pattern of ribs and nodules. 

Type: Vallacerta hortonii Hanna. 

Extinct marine genus. 


Key to the Species of the Genus Vallacerta 


I. Plate uniformly slightly convex 


ie. vee ors Ones <7 2,55 elgee ax pk ee fa sks Vi. horton... 
Owe adie] shorns Fug Ment Bey, pres me! ee mrest oldie . V. simplex 2. 
i. Plate; center with,voundedsGonvexraTean mane, site smver ayn V. tumidula 3. 


1. Vallacerta hortonii Hanna (Plate I, 1; Plate XXXI, 1). 

Hanna (1928), J. Paleontol. 1, 4, p. 262, Table 41, Figure 7, 11; 
Deflandre (1936), Actual. scient. ind. 335, p. 32, Figure 43; Deflandre 
(1940), C. r. Hebd. Seance Acad. Sci. 211, 19, p. 446, Figures 1,5; 

p. 598, Figure 1; Deflandre (1950), Microscopie, 2, p. 57, Figures 144— 
149; Zhuze (1949), Bot. mater. Otd. spor. rast. BIN AN SSSR, 6, 1—6, 
Table 2, Figure 6; Glezer (1959), Inform. sb. VSEGEI, 10, p. 106, 
Figure 2; Krotov and Shibkova (1961), Mater. po geol. i polezn. iskop. 
Urala, 9, Figure 2, 19. — Dictyocha siderea Schulz (1928), Bot. 
Arch. 21, 2, p. 284, Figure 81; Gemeinhardt (1930), Silicofl. In: 
Rabenhorst's Krypt.-Fl. 10, p. 56, Figure 47. — D. siderea var. 
quadrata Schulz (1928), Bot. Arch. 21, 2, p. 284, Figure 82; 
Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 57, 
Figure 48. 

Skeleton consists of a pentagonal, occasionally quadrangular or hexagonal, 
convex apical plate with bluntly rounded, sometimes produced corners and 
almost straight or concave sides, 15—25 yu long, with a narrow hyaline 
margin. Radial horns are hollow, 3—25y long, often unequal in length and 
frequently one is almost twice as long as the rest. Sculpture consists either 
of nodules and ribs arranged in a network or of fused, unevenless distri- 
buted dots. 

Distributioninthe USSR: Santonian-Campanian. Western Siberia: 
eastern slope of the Urals and the Trans-Urals, Slavgorod suite, very rare 
to abundant (Nes'-Yugan River, left tributary of the Synya River; basin of 
the Severnaya Sosva, Ust'-Man'ya village; Leplya and Nyais rivers; basin 
of Loz'va River, Pristan' village; Pelym River; Ivdel', Serov and Verkho- 
tur'e areas; Bol'shoi and Poludennyi Aktai rivers; Tynya River, Berezovo 
area); Kazakhstan: Kustanai Region, Kushmurun area, rare. Early 
Paleocene. Western Siberia: eastern slope ofthe Urals, Makhnevo and 
Ivdel' areas, lower part of Talitsa suite, very rare. 

General distribution: Senonian. Central Europe (Poland, Gulf of 
Danzig). Maestrichtian. North America (California, Moreno 
shales). 

Note: The report concerning the presence of this species in the Miocene 
of Nankoori, India (Desikachary and Maheshwari, 1956, p. 260, text-figure 
4, Table 13, Figure 4) is doubtful. The form encountered by these authors 
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closely resembles Rhombodinium draco Gocht (Brosius und Graman, 
1959, Table 6, Figures 1, 2) which is a dinoflagellate (Gocht, 1956). 

Deflandre (l.c.) notes the presence of small supporting spines in 
Vallacerta hortonii Hanna from the Upper Cretaceous of California. 
Such structures do not appear in the diagnoses and drawings of other 
authors. Our specimens do not possess supporting spines. 


2. Vallacerta simplex Jousé (Plate I, 2). 

Zhuze (1949), Bot. mat. Otd. spor. rast. BIN AN SSSR, 6, 1—6, p. 77, 
Table 2, Figures 7—9; Glezer (1959), Inform. sb. VSEGEI, 10, p. 107, 
Figure 3. 

Skeleton composed of sculptured, apical pentagonal plate with almost 
straight, slightly convex_or concave sides, 13—28yuylong. Radial horns 
are usually small, rudimentary and rarely well developed, in which case 
they are of equal length. Sculpture consists of nodules, grooves and 
wrinkles. 

Distributioninthe USSR: Santonian-Campanian. Western Siberia: 
eastern slope of the Urals, Slavgorod suite, very rare to abundant (Nyais 
River, a tributary of the Severnaya Sosva River; Verkhotur'e area; 
Bol'shoi Aktai River). 

General distribution: Found only.in the USSR. 

Note: The species is linked by a series of transitional forms to the 
closely related Vallacerta hortonii Hanna. 


3. Vallacerta tumidula Gleser (Plate I, 3—6). 

Glezer (1959), Inform. sb. VSEGEI, 10, p. 107, Figures 4, 5. 

Skeleton consists of an apical apparatus in form of pentagonal plate 
with bluntly rounded corners, almost straight or concave sides measuring 
14—40 yu, a rounded central prominence of 9—25yu diameter and a narrow 
hyaline margin. Plate and prominence are covered by a network of nodules 
and ribs; occasionally a fine rib is evident at base of prominence. Radial 
horns 5—22ylong, often unequal, hollow, sometimes with rudimentary 
cavities. 

Distribution in the USSR: Santonian-Campanian. Western 
Siberia: eastern slope of the Urals, Slavgorod suite, very rare to common 
(Nes'-Yugan River, a left tributary of the Synya River; Verkhotur'e area). 

General distribution: Found only in the USSR. 

Note: This species differs from the closely related Vallacerta 
hortonii in the presence of a rounded prominence at the plate center. 


Order SIPHONOTESTALES Lemm. 


Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 92. 


Skeleton, as a rule, composed of hollow tubular rods. 
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Key to the Families of the Order Siphonotestales 


I. Skeleton formed of elements of the apical apparatus; rudiments of basal 


Ping Ssumemmes present Trt. See Am. Cornuaceae (p. 237). 
II. Skeleton composed of basal and apical apparatus; latter sometimes not 
COvetp mE BES a a ys ie ew we we wo Dictyochaceae (p. 240). 


Family CORNUACEAE Gem. emend. Gleser 
Gemeinhardt (1930) Silicofl. in: Rabenhorst's Krypt.-Fl. 10, p. 77. 
Skeleton primitive, composed of 2— 4 apical rods, sometimes with 


rudiments of basal ring and supporting spines. 


Key to the Genera of the Family Cornuaceae 


1. Skeleton simple, U- or Y-shaped......... Lyramula (p. 237). 
2. Skeleton more complex; rods form a dome; supporting spines and a 
rudimeitary basal’ rine preseat 2 las Pe a Cornua (p. 238). 


Genus 2. Lyramula Hanna 


Hanna (1928), J. Paleont. 1, 4, p. 262; Deflandre (1950), Microscopie, 
2, p. 49; Glezer (1959), Inform.sb. VSEGEI, 10, p. 108. 

Skeleton tubular, U- or Y-shaped, representing a primitive apical 
apparatus. 

Type: Lyramula furcula Hanna. 

Extinct marine genus. 


Key to Species of the Genus Lyramula 


i, Beletomh-shaped . ete fer) 4h << Bi eetaeredatad © L. simplex 1. 
fies eRe letpe Al Shapes, afi eh nek Tite Ee wlow bt sy edehe mee L. furcula 2. 


1. Lyramula simplex Hanna (Plate II, 1, 2, 4). 

Hanna (1928), J. Paleontol. 1,4,p. 262, Table 41, Figure 6; Deflandre 
(1936), Actual. scient.ind. 335, p. 32, Figure 44; Deflandre (1940), C.r. 
Hebd. Séance Acad. Sci. 211, 21, Figures 5, 6; Deflandre (1950), 
Microscopie, 2, p. 61, Figures164,165; Zhuze (1951), Bot. mater. Otd. 
spor.rast. BIN AN SSSR, 7, p. 64, Table 6, Figure 3; Glezer (1959), 
Inform. sb. VSEGEI, 10, p. 109, Figures 9, 10; Krotov and Shibkova 
(1961), Mater. po geol. i polez. iskop. Urala, 9, Figures 2, 18. 

U-shaped skeleton composed of 2 hollow lateral rods, 30—123 yu long. 
Highly polymorphic species. 

Distribution inthe USSR: Santonian-Campanian. Western Siberia: 
eastern slope of the Urals and the Trans-Urals, Slavgorod suite, very rare 
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to frequent (Nes'-Yugan River, a left tributary of the Synya River; the 
basin of the Severnaya Sosva, Ust'-Man'ya village; Leplya and Nyais 
rivers; Loz'va River near Pristan' village; Ivdel', Serov and Verkhot'e 
areas); Kazakhstan: Kustanai Region, Kushmurun area, very rare. 

General distribution: Maestrichtian. North America (California, 
Moreno shales). 


2. Lyramula furcula Hanna (Plate II, 3, 5—7). 

Hanna (1928), J. Paleontol. 1, 4, p. 262, Table 41, Figures 4, 5; 
Deflandre (1936), Actual. scient. ind. 335, p. 32, Figure 45; Deflandre 
(1940), C.r.Hebd. Séance Acad. Sci. 211, 21, Figures 1—3(?), 4; 
Deflandre (1950), Microscopie, 2, p. 61, Figures 163, 167—169 (?); 
Zhuze (1951), Bot. mater. Otd. spor. rast. BIN AN SSSR, 7, p. 64, 

Table 4, Figure 4; Glezer (1959), Inform. sb. VSEGEI, 10, p. 108, 
Figures 6—8; Krotov and Shibkova (1961), Mater. po geol. i polezn. iskop. 
Urala, 9, Figures 2, 17. — L. furcula var. minor Deflandre (1940), 
C.r. Hebd. Séance Acad. Sci. 211, 21, p. 509, Figure 10, 7—9 (?). — 

L. minor Deflandre (1950), Microscopie, 2, p. 62, Figures 170, 
171—173 (?). 

Y-shaped skeleton composed of 2 hollow, curved lateral rods, often of 
unequal length, with a shorter outgrowth departing from their junction. 
Sculptured with hardly noticeable nodules. Skeletal contours are extremely 
variable. Length of the lateral rods 10—904y, of the outgrowth 3—18 uy. 

Distribution in the USSR:Santonian-Campanian. Western Siberia: 
eastern slope of the Urals, Slavgorod suite, very rare to abundant (Nes'- 
Yugan River, left tributary of the Synya River; the basin of the Severnaya 
Sosva, Ust'-Manya village; Leplya and Nyais rivers; the basin of the Loz'va 
River, Pristan' village; Pelym River; Ivdel' and Verkhot'e areas; Tynya 
River, Berezovo area); Kazakhstan: Kustanai Region, Kushmurun area, 
rare. Lower Paleocene. Western Siberia: eastern slope of the 
Urals, lower part of Talitsa suite, very rare (Makhnevo area). 

General distribution: Maestrichtian. North America (California, 
Moreno shales). 

Note: The new species Lyramula minor Deflandre was established 
on the basis of its shorter branches (42 —64 yu) in comparison with L. 
furcula Hanna (88—1004u). This is unjustified in my opinion because of 
the great variation of L. furcula Hanna. 


Genus 3. Cornua Schulz 


Schulz (1928), Bot. Arch. 21, 2, p. 285; Gemeinhardt (1930), Silicofl. 

In: Rabenhorst's Krypt.-Fl. 10, p. 77; Deflandre (1950), Microscopie, 2, 
p. 49; Glezer (1959), Inform. sb. VSEGEI, 10, p. 109. 

Hollow skeleton consists of apical apparatus and rudimentary basal ring. 
Apical apparatus consists of 3—4 lateral rods, forming a dome. Lateral 
rods end in the "terminal horns,'' which are rudiments of the basal ring. 
Terminal horns sometimes have supporting spines at their bases; accessory 
spines sometimes present. 

Hype: Cornuastznbiur e atari Schulz. 

Extinct marine genus. 
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Key to Species of the Genus Cornua 


RVArourtiateral rods 9 Sth were atl on Samaria oA Se Pa aC eer nd. 
Il. Three lateral rods. 
1. Terminal horns, arising from adjacent lateral rods, almost parallel 


to ONS Sno er Ty SIRS RS AE PRS, PP OES C. trifureata 3. 
2. Terminal horns, arising from adjacent lateral rods, arranged at 
acute angles to one another”... . 6. ss es SS. poretzkajyae 2:4 


1. Cornua aculeifera Defl. (Plate III, 1). 

Deflandre (1940), C. r. Hebd. Séance Acad. Sci. 211, 23, p. 464, 
Figures 8, 9; Deflandre (1950), Microscopie, 2, p. 60, Figures 160 —162; 
Glezer (1959), Inform. sb. VSEGEI, 10, p.109, Figurell. — Cornua-like 
form of Dictyocha sp. indet. Deflandre (1944), C.r. Hebd. Séance Acad. 
pet, BIS 11,>p? 509, -Pioure 14. 

Four lateral rods end in more or less developed terminal horns and 
bear numerous accessory spines. Skeleton is highly variable (Deflandre, 
43—65 yu; our specimen, 504). 

Distribution in the USSR: Santonian-Campanian. Western 
Siberia: eastern slope of the Urals, Slavgorod suite, very rare (Loz'va 
River, near village of Pristan'; Serov area). 

General distribution: Upper Cretaceous. North America 
(California, Moreno formation). 


2. Cornua poretzkajae Gleser (Plate III, 2, 6). 

Glezer (1959), Inform.sb. VSEGEI, 10, p. 110, Figure 13. 

Three lateral are rods, 11—13.5yu1long. Terminal horns of each 
lateral rod aligned to form basal rods, which appear as branches, convex 
on the outside, 28—40 yu long, with sharp ends and a small central con- 
cavity. Terminal horns of adjacent lateral rods form acute angles to one 
another. Junction of lateral rods with basal rods is marked by one coarse 
supporting spine, about 5 uw long, directed to inside the dome. Height of 
skeleton 4—8 un. 

Distribution in the USSR. Santonian-Campanian. Western 
Siberia: eastern slope of the Urals, Slavgorod suite, rare (Leplya River; 
Verkhotur'e area). 

General distribution: Found only in the USSR. 

Note: This species differs from the closely related Cornua tri- 
furcata Schulz in the structure of the undeveloped basal ring: the aligned 
terminal horns form a single basal rod, while the adjacent basal rods are 
not parallel but form an acute angle with one another. 
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3. Cornua trifurcata Schulz (Plate ITI, 3—5). 

Schulz (1928), Bot. Arch. 21, 2, p. 285, Figure 83; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 59, Figures 157—159; 
Deflandre (1933), Bull. Soc. zool. Fr. 58, p. 1; Deflandre (1950), 
Microscopie, 2, p. 59, Figures 157—159; Glezer (1959), Inform. sb. 
VSEGEI, 10, p. 110, Figure 12. 

Three lateral rods are 8—13 y4 long. Terminal horns of each lateral 
rod, arranged atan angle of 90—120° to one another, are 11—21 yp long. 
Terminal horns arising from adjacent lateral rods are more or less 
parallel. Height of skeleton about 4 yu. 
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Distribution in the USSR: Santonian-Campanian. Western Siberia: 
eastern slope of the Urals, Slavgorod suite, very rare to abundant (Nes'- 
Yugan River, left tributary of the Synya River; the basin of the Severnaya 
Sosva, Ust'-Manya village; Leplya and Nyais rivers; Loz'va River near 
village of Pristan'; Serov and Verkhotur'e areas). 

General distribution: Senonian. Central Europe (Poland, Gulf of 
Danzig). 

Note: The spinules on the skeletal surface (Schulz, l.c.) were not found 
in the Ural form. 


Family DICTYOCHACEAE Lemm. 
Lemmermann (1901), Ber. Dtsch. bot.Ges. 19, 1, pp. 92—93. 


Skeleton usually is composed of basal and apical apparatus, the latter 
sometimes undeveloped. Basal ring is rounded, elliptical, triangular or 
polygonal with or without radial horns. Lateral rods arising from the 
basal ring either meet at one point or fuse terminally with one or several 
apical rods or the apical platform. Several apical rods sometimes form a 
rounded, triangular or polygonal apical ring with one or several, some- 
times numerous, apical windows. Supporting and accessory spines are 
often present. 


Key to the Genera of the Family Dictyochaceae 


I. Skeleton composed of basal and apical apparatus. 
1. Apical apparatus consists of lateral or lateral and apical rods or of 
apical plate. 

A. Basal ring circular, oval, triangular or polygonal, always 
tubular; only in the triangular forms flattened areas sometimes 
present. 

a. Supporting spines, when Peo always located on basal ring. 
nes xn SOG wel. Shee Aan «.. » +» Dictyocha: (mi 24G)h. 
b. Supporting spines situated on Laseal rods near widened apical 


ro ee a ae Ln RSP eRe NSN Bee > Corbisema (p. 270) . 
B. Basal ring always elongated, bilaterally symmetrical, with 
flattened areas on lateral sides ..... Naviculopsis (p. 272) . 


See 2. Apical apparatus consists of lateral rods and an apical ring, simple 


or complex. 
A. Simple apical ring with one apical window. 
a. Basal ring with 10 or more corners; lateral rods very short 
with tendency to reduction; apical ring undulate ...... 


PT ere Irene 8. Paradictyocha (p. 296) ‘ 
b. Basal ring with 4—11 corners; lateral rods well developed; 
apical ring with straight sides ...7. Distephanus (p. 278). 


B. Apical ring with several apical windows. 
a. Apical apparatus strongly convex, hemispherical or spherical, 
its diameter roughly equal or greater than that of the basal 
Pilate dh atnadic oaks HP 6 ak ee Aaa 9. Cannopilus (p. 299) . 
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b. Apical apparatus slightly convex, its diameter less than that 
of basal ring; basal windows visible dorsally .......... 
thier Mitusoie. Sladiuea bos 7. Distephanus (p. 278) . 
II. No apical apparatus. 
ison Radial horns, if present, aligned... ...... 10. Mesocena (p. 302). 
2. Radial horns arranged in2 rows ... .8. Paradictyocha (p. 296). 


Genus 4. Dictyocha Ehr. 


Ehrenberg (1839), Abhandl. Konig. Akad. Wiss., p. 128; Lemmermann 
(1901), Ber. Dtsch. Bot. Ges. 19, 1, p. 257; Schulz (1928), Bot. Arch. 
21, 2, p. 234; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 
10, puso. 

Basal ring is rounded, oval, triangular or polygonal and with or without 
radial horns; it is always tubular, but flattened areas are sometimes 
present only in triangular forms. Apical apparatus consists of one or 
several lateral or lateral and apical rods; the latter are sometimes un- 
developed. Supporting spines are situated on basal ring directly below the 
lateral rods or to their sides. Supporting spines sometimes are absent. 

Type: Dictyocha fibula Ehr. 

Living and extinct marine forms. 

Note: The genus Dictyocha was established in 1839 by Ehrenberg 
on the basis of fossil material from Oran, Algeria. Ehrenberg and, later, 
Kitzing (1849, 1865) placed in the new genus a morphological variety 
possessing ''a simple, univalve siliceous case shaped like a net or star." 
Later authors introduced marked changes in the definition of the genus 
Dictyocha Ehr. Hackel (1887), for example, placed some of the species 
of Dictyocha inthe genera Distephanus Stohr and Cannopilus 
Hack., and his views influenced the work of taxonomists such as Lemmer- 
mann (1901b), Schulz (1928) and Gemeinhardt (1930). The latter gives this 
definition of Dictyocha Ehr.: ''Skeleton composed of a basal ring above 
which rises a convex siliceous rod or a structure in the form of a hat or 
pyramid consisting of several siliceous rods" (Gemeinhardt, 1930, p. 35). 

Frenguelli (1940) and Deflandre (1950) made further modifications in the 
classification of the genus Dictyocha both by removing some of its 
species to the genera Naviculopsis Freng. and Corbisema Hanna 
and by returning to it species of Distephanus Stohr and most species of 
Cannopilus Hack. According to Frenguelli and Deflandre, the essential 
characteristic of the genus Dictyocha Ehr. is the position of the support- 
ing spines, which are more or less displaced from the location of the 
lateral rods. Deflandre points out, however, that this sign is not quite 
reliable since the supporting spines often do not develop. In such a case the 
genus must be identified on the basis of the general morphological similarity 
and phylogenetic affinities of the forms. 

In this work, the amplitude of the genus Dictyocha Ehr. has been 
adapted as defined by Hackel (1887) and interpreted in greater detail by 
Lemmermann (1901b), Schulz (1928) and Gemeinhardt (1930) with some 
changes introduced by Frenguelli and Deflandre. The latter modifications 
concern only species transferred to Naviculopsis Freng. 
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Key to Species of the Genus Dictyocha 


I. Basal ring triangular. 
1. Lateral rods arise almost perpendicularly from plane of basal ring. 


Av Wecessory spines present eck. Sse G@ i -. D. spinosa 9): 

B.’ We aecessery spines’... belo J here ga. me ; D. elata 8 . 
2. Lateral rods usually slope up from the inner margin of basal ring. 

A, Basal rile asyinmeirical’'. 2.7.88. 2578 J. D. elongata 7 


B. Basal ring usually symmetrical. 
a. Middle part of basal rods are flattened and widened into a 


Srl aie POT 2s. 5, we Lee eee ees oe D. lamellifera 6 . 
b. No flattened areas on basal ring. Skeleton tubular. 
a. Basal ring with sharp or rounded apices . D. triacanthal . 


8. Basal ring with bluntly truncated apices. 
* Each apex bears 2 rudimentary radial horns. 
+ Skeleton thick, with strongly dentate walls : 
see tains ta dal. ise Seah O82 D. furcata 3 : 
++ Skeleton leery thin with smooth walls ..... : 
ENALIGIOORS SHG | odes Reka doko el i ieee ane 
we; NGMAG al horns? °.! ss ios 6 tr SER D. archangelskiana 2 . 
II. Basal ring oval or circular. 
1. Basal ring more or less oval. 
A. Apical apparatus consists of a single rod, radial horns absent, 
two basal windows present) «6. .0.06 ee le ee D. navicula 5 . 
B. Apical apparatus consists of apical and lateral rods; two radial 
horns and 4 basal windows present. 
a. Apical apparatus almost H-shaped; lateral rods curved, al- 
most perpendicular to plane of basal ring . D. transitoria 12 . 
b. Apical apparatus of different shape; lateral rods short, 
straight, arise from inner margin of basal ring; apical rod 


usually ‘widened: <! Ja 410% wis D. deflandrei var. bicornuta 14°. 
226 : : , ; Z 
2. Basal ring more or less circular; apical apparatus high with 4 or 
more lateral rods and basal windows ....... D. rotundata 13. 


Ill. Basal ring tetragonal, pentagonal or hexagonal. 
1. Basal ring more or less hexagonal with 6 radial horns, 3 basal 
windows and 3. lateral rods: 200 b.. @&smaneie. eis t D. hexacantha 10 
2. Basal ring tetragonal, rarely pentagonal, and accordingly with 4 or 
5 radial horns, basal windows and lateral rods. 
A. Two large basal windows give in combination an elliptical shape 
Jf. JUDG oe 6) agtbeades, Rr D. ausonia 17 
B. Shape of basal windows not as above. 
a; Basak rods ofsunéequalidength:« «« sina ats as D. obliqua 15 
b. Basal rods of equal length. 
a. Apical apparatus high; lateral rods geniculate, almost per- 
pendicular to plane of basal ring .... D. frenguellii 11 
B. Apical apparatus low. 
* Supporting spines situated in middle of basal rods below 
lateral rod; apical rod widened .. . .D. deflandrei 14 
Supporting spines usually displaced from location of 
lateral rods; apical rod not wider than basal rods .- . 
2% Ya Vey & Ree 19 oe de Padi D. fibula 16 
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1. Dictyocha triacantha Ehr. 

Triangular basal ring with sharp or rounded corners consists of hollow 
rods of equal diameter throughout. Radial horns are absent or present. 
Three lateral rods slope up from middle of basal rods at their inner 
margin, and fuse at one point. Three basal windows are sometimes not 
uniform. Supporting spines usually are situated below the lateral rods, 
sometimes absent. Skeletal walls are smooth or dentate. 

Polymorphic species. 


Var. triacantha. 

Basal ring is an equilateral triangle with straight, slightly convex or 
slightly concave sides, 18—56 uw long, and with radial horns relatively well 
developed, 3—22y long. Supporting spines up to 15ulong, sometimes 
absent. Skeletal walls smooth or dentate. 


F. triacantha (Plate IV, 1—6; Plate V, 1 —4; Plate XXXI, 2, 3). 

D. triacantha Ehrenberg (1844), Ber. Verhandl. Konig. Akad. Wiss., 
p. 40; Lemmermann (1901), Ber. Dtsch. bot.Ges. 19, 1, p. 258, Table 10, 
Figure 18; Schulz (1928), Bot. Arch. 21, 2, p. 247; Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 40, Figure 28c. — D. triom- 
mata Ehrenberg (1854), Mikrogeol., Table 33, gr. 15, Figure 11; 
Kitzing (1849), Species Algarum, p. 143. — D. trigona Zittel (1876), 

Z. Dtsch. geol. Ges. 27, p. 83, Table 2, Figure 6a—b; Rust (1888), 
Palaeontograph. 34, p. 213. —Corbisema triacantha Hanna (1931), 
Mining in Calif. 27,2, Table D, Figure 1; Frenguelli (1940), Revista Mus. 
La Plata, Nuev. ser., 2, Secc. Paleontol. 7, Figure 12g. —C. hastata 
Frenguelli (1940), Ibid. Figure 12b. — C. trigona Deflandre (1950), 
Microscopie, 2, p. 52, Figure 130; Tynan (1957), Micropaleontol. 3, 2, 
p. 130, Table 1;. Figure: tl: 

Basal ring has straight, slightly convex or concave sides, 23 —56 wlong. 
Radial horns are relatively developed, 3—22 yu long. Supporting spines, up 
to 15 long, are sometimes absent. Skeletal walls are smooth or dentate. 

Distribution inthe USSR: Early Paleocene. European part: Volga 
area, Lower Syzran' bed, very rare to common (Ul'yanov Region, 
Arkhangel'skoe village; Penza Region); Western Siberia: eastern slope 
of the Urals, lower part of the Talitsa suite, very rare to frequent (Serov, 
Ivdel' and Makhnevo areas). Early Eocene. European part: Volga 
area, Kamyshin bed, very rare to rare (Ul'yanov Region, town of Sengilei, 
Granoe Ukho quarry; Akhmetlei village; Sharlovo village); Western Siberia: 
eastern slope of the Urals, Serov suite, rare (Ivdel' area). Middle 
Eocene (?). Western Siberia: Taz peninsula, very rare to rare 
(Khadutte River; En-Yakha River; interfluve of Upper and Srednaya 
Khadyta rivers); eastern slope of the Urals; Irbit suite, very rare (Ivdel' 
area). Late Eocene. Western Siberia: Pechal'-Ky River, a right 
tributary of the Taz, very rare; eastern slope of the Urals, Irbit suite, 
frequent (Ivdel' area); Middle Ob area, Lyulimvor suite, very rare to 
rare (basins of the Parabel', Chuzik and Vasyugan rivers); Central Asia: 
Aral-Caspian area, Uzen'-Kairakty River, a tributary of the Irgiz River. 
Tas- Aran suite, rare. Late Eocene — Early Oligocene (?). 
Western Siberia: Middle Ob area, basin of Vasyugan River, lower part 
of Chegan suite, very rare. Early Oligocene (?). European part: 
left bank of the Dnieper, north of Nizhne-Dneprovskii Uzel station, green 
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clay, very rare; Kharkov Region, Staroverovka village, very rare. 
Miocene. Caucasus: Northern Caucasus, Krasnodar Territory, 
Shibik River, Maikop series, very rare. 

General distribution: Lower Cretaceous (Gault). Western 
Europe (Zilly, German Democratic Republic). Early Senonian. 
Western Europe (Westphalia, West Germany). Early Eocene. 

Western Europe (Denmark, Moler suite; German Democratic Republic, 
Greifswalder Oie). Late Eocene. North America (California). Late 
Eocene or Early Oligocene. North America (California, Krayen- 
hagen formation); Australia (Oamaru, New Zealand). Neogene. 

North America (Virginia; Maryland). Middle Miocene. North America 
(Maryland, Calvert formation). Late Miocene. Japan (Honshu Island, 
Hokuriku area). 

Note: Our material differs from the descriptions of Lemmermann (l.c. ), 
Schulz (1.c. ) and Gemeinhardt (1. c.) in the smaller length of the radial 
horns. The forms occurring in the Paleocene of Western Siberia usually 
have shorter radial horns than those of the Eocene. 


F. minor Schulz (Plate V, 7, 9). 

Schulz (1928), Bot. Arch. 21, 2, p. 247, Figures 25a, b, 26; Gemein- 
hardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 41, Figure 29; 
Desikachary and Macheshwari (1956), J.Ind. Bot. Soc. 35, p. 258, text- 
figure 2, Table 13, Figure 3. 

Basal ring has convex or concave sides, 18—23 ulong, and relatively 
long radial horns, 9—15y. Supporting spines sometimes are absent. 
Skeletal walls are smooth or dentate. Smaller than type form. 

Distribution in the USSR: Early Eocene. European part: Volga area, 
Kamyshin bed, very rare (Ul'yanovsk Region, town of Sengilei). 

General distribution: Occurs often together with type form (Schulz, 
1928). Late Eocene or Early Oligocene. Australia (Oamaru, 
New Zealand, rare). Miocene (?). India (Colebrook). 

Note: Skeletons without supporting spines were found in the Early 
Eocene deposits of the Volga area (Ul'yanovsk Region, Sengilei) and in 
Late Eocene or Early Oligocene diatomites of Oamaru, New Zealand. 


Var. flexuosa (Stradner) Gleser (Plate V, 5, 6, 8, 10). 

Corbisema triacantha var. flexuosa Stradner (1961), Erd6él 
und Kohle, 14; 2, p..39, Table 1) Figures 1—8. 

Basal ring has slightly convex or concave sides, 15—23 uwlong, and 
well developed radial horns, 5—15y long. Lateral rods are present or 
absent. Canal inside triangular apical plate is present or reduced. 
Supporting spines are present or absent. Skeletal walls are smooth or 
dentate. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, Uzen'-Kairakty River, a tributary of the Irgiz River, Tas- 
Aran suite, rare. Early Oligocene (?). European part: Ukrainian 
SSR, Kharkov suite (?), very rare (left bank of the Dnieper, north of 
Nizhne- Dneprovskii Uzel station; Oskol River, Krasnyi Oskol village; 
Kharkov Region, Staroverovka village). Late Oligocene. Central 
Asia: Mangyshlak peninsula, Karagie suite, frequent. 

General distribution: Late Oligocene. Central Europe (Austria, 
Chattian stage). 
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Note: In having a widened apical plate, this variety resembles 
Dictyocha deflandrei f. corbisemoidea Frenguelli of Oamaru, 
New Zealand (Frenguelli, 1940, Figure 14e). It appears that this form is 
phylogenetically linked with D. triacantha Ehr. rather than D. deflan- 
drei Freng., and that the apical plate in forms of both species may be 
a convergence. 


Var. apiculata Lemm. 

Basal ring is an equilateral triangle with convex sides, slightly concave 
in the middle, 15—130yulong; radial horns are very short, up to 3 wu long; 
supporting spines are up to 15 uw long. 


F. apiculata (Plate VI, 5). 

D. triacantha var. apiculata Lemmermann (1901), Ber. Dtsch. 
bot. Ges. 19, p. 269, Table 10, Figures 19—20; Schulz (1928), Bot. Arch. 
21, 2, p. 247, Figure 27; Gemeinhardt (1930), Silicofl. In: Rabenhorst's 
Krypt.-Fl. 10, p. 41, Figure 30; Deflandre (1932), Bull. Soc. fr. Microsc. 
1, 1, Figure 32; Glezer (1960), Inform. sb. VSEGEI, 35, Plate 2, 

Figure 3. —D.triacantha var. apiculata f. aspera Schulz (1928), 
Bot. Arch. 21, 2, p. 249, Figure 28. —Corbisema apiculata 
(Lemm.) Hanna (1931), Mining in Calif., 27, 2, Table D, Figure 2; 
Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 
7, Figure 12h. 

Basal ring has convex sides, slightly concave in the middle, 51—130y 
long. Radial horns are barely visible or very short, up to 3 uw long. 
Supporting spines are up to 15 yu long. 

Distribution in the USSR: Early Paleocene. Western Siberia: 
eastern slope of the Urals, Talitsa suite, very rare to rare (Loz'va River 
near village of Pristan'; Ivdel' and Makhnevo areas). Eocene. European 
part: Volga area (Penza Region, Kuznetsk). Early Eocene. European 
part: Volga area (Ul'yanovsk Region, town of Sengilei, Granoe Ukho quarry; 
Sharlovo village; Akhmetlei village, very rare). Middle Eocene (?). 
Western Siberia: eastern slope of the Urals, Irbit suite, very rare (Serov 
area). Late Eocene. Western Siberia: eastern slope of the Urals, 
Irbit suite, very rare (Ivdel' area); Central Asia: Aral-Caspian area, 
basin of the Irgiz River, upper part of the Tas- Aran suite, frequent (Uzen'- 
Kairakty River). 

General distribution: Senonian. Central Europe (Poland, Gulf of 
Danzig, fairly common). Early Eocene. Western Europe (Denmark, 
Molar suite, Mors and Fuur islands; German Democratic Republic, 
Greifswalder Oie). Late Eocene. North America (California). Late 
Eocene or Early Oligocene. North America (California, 
Krayenhagen formation); Australia (Oamaru, New Zealand). 

Note: Differs from Dictyocha triacantha Ehr. var. triacantha 
f. triacantha in the greater size of the skeleton and presence of rela- 
tively very small radial horns. 


F. minor Schulz (Plate VI, 2—4; Plate XXXI, 4—6). 

Schulz (1928), Bot. Arch. 21, 2, p. 249, Figure 29a; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 42, Figure 31. 

Sides of basal ring are 15—20ulong. Radial horns are very short. 
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Distribution inthe USSR: Early Paleocene. European part: Volga 
area, Lower Syzran bed, rare to common (Ul'yanovsk Region, Chuvash- 
skaya Reshetka village and Inza station; Penza Region); Western Siberia: 
eastern slope of the Urals, lower part of Talitsa suite, very rare to 
common (Loz'va River, near village of Pristan; Ivdel' and Makhnevo 
areas). Early Eocene. European part: Volga area, Kamyshin bed, 
very rare to rare (Ul'yanovsk Region, town of Sengilei; Akhmetlei village); 
Western Siberia: eastern slope of the Urals, Serov suite, very rare 
(Ivdel', Serov and Alapaevsk areas). Middle (?) Eocene. Western 
Siberia: Taz peninsula, very rare to frequent (Arka-Tab-Yakha, Khadutte, 
Srednaya Khadyta and En-Yakha rivers); eastern slope of the Urals, Irbit 
suite, very rare (Serov area). Late Eocene. Central Asia: Aral- 
Caspian area, Tas-Aran suite, very rare (Tumalykol'); Western Siberia: 
Taz peninsula, very rare to common (Arka-Tab-Yakha, En-Yakha and 
Srednaya Khadyta rivers); basin of the Pechal'-Ky, a tributary of the Taz 
River, very rare; eastern slope of the Urals, Irbit suite, very rare to 
abundant (Ivdel' and Serov areas); Middle Ob area, Lyulimvor suite, very 
rare (basin of the Parabel' and Chuzik rivers, Vasyugan River). Late 
Eocene — Early Oligocene (?). Western Siberia: Middle Ob 
area, lower part of Chegan suite, very rare (basin of the Parabel' and 
Chuzik rivers). Early Oligocene (?). Western Siberia: Taz 
peninsula, very rare. 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur islands; German Democratic Republic, 
Greifswalder Oie). Late Eocene or Early Oligocene. Australia 
(Oamaru, New Zealand). 

Note: This form differs from D. triacantha var. apiculata Lemm. 
in its smaller size and forms a continuous series with D. triacantha 
Ehr. var. triacantha. Further studies may prove superfluous the 
separation of this form as an independent taxon. In addition to specimens 
like those described by Schulz (1. c.) and Gemeinhardt (l.c.) (Plate XXXI, 
4, 5), skeletons with very narrow, sometimes partly closed inner canal 
and with strongly dentate walls are encountered in the Paleogene of Western 
Siberia (Plate VI, 4). 


F. late-radiata Schulz (Plate VI, 1). 

Schulz (1928), Bot. Arch. 21, 2, p. 282, Figure 73; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 43, Figure 32. — 
Corbisema geometrica var. apiculata Jousé, Zhuze (1949), 
Botan. mater. Otd. spor. rast. BIN AN SSSR, 6, 1—6, p. 78, Table 2, 
Figure 5. 

Basal ring has convex sides, slightly concave in the middle, 30—40y 
long, and very short radial horns. Lateral rods widen at the junction into a 
triangular plate, either solid or with a triangular opening up to 10y wide. 
Supporting spines are rodlike, long and situated immediately below the 
lateral rods. 

Distribution inthe USSR. Santonian-Campanian. Western 
Siberia: eastern slope of the Urals, Slavgorod suite, very rare to rare 
(basin of the Severnaya Sosva; Leplya and Nyais rivers; Loz'va River near 
village of Pristan'; Bol'shoi Aktai River). 

General distribution: Senonian. Central Europe (Poland, Gulf of 
Danzig). 
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Note: Differs from Dictyocha triacantha var. apiculata f. 
apiculata Schulz in the widening at the junction of the lateral rods. 

Our specimens from the Upper Cretaceous deposits of the Urals are 
analogous to those encountered in contemporaneous deposits in Bol'shoi 
Aktai River (Zhuze, 1l.c.) and in the Senonian of Poland (Schulz, 1l.c.; 
Gemeinhardt, l.c.), but differ in their smaller skeleton. This form 
resembles Corbisema geometrica Hanna (Deflandre, 1950, p. 53, 
Figures 134—139) in having an apical widening, but differs in the position 
of the supporting spines which lie on the basal rods. As in all species of 
Dictyocha Ehr. these lie in the basal rods, while in C. geometrica 
Hanna these spines are usually inserted in the lateral rods. 


Var. inermis Lemm. 

Basal ring is almost circular, rounded-triangular or equilaterally 
triangular with convex sides, 15—100ulong, without radial horns. Support- 
ing spines are present. 


F. inermis (Plate VIII, 1, 2; Plate XXXII, 1). 

D. triacantha var. inermis Lemmermann (1901), Ber. Dtsch. 
bot. Ges. 19, 1, p. 259, Table 10, Figure 21; Schulz (1928), Bot. Arch. 
21, 2, p. 249, Figures 30a, b, 75; Gemeinhardt (1930), Silicofl. In: 
Rabenhorst's Krypt.-Fl. 10, p. 43, Figure 33; Deflandre (1932), Bull. 

Soc. fr. Microsc., 1, Figure 31; Glezer (1960). Inform. sb. VSEGEI, 
30, Table 2, Figure l. —Corbisema apiculata:‘var..inermis 
Deflandre (1950), Microscopie, 2, Figure 86. 

Triangular basal ring has more or less convex sides, concave in the 
middle, 36—100 wu long, with bluntly rounded or pointed apices and no 
radial horns. Supporting spines are up to 10y long. 

Distribution in the USSR:Santonian-Campanian. Western Siberia: 
eastern slope of the Urals, Slavgorod suite, very rare (basin of the 
Severnaya Sosva; Leplya and Nyais rivers; Verkhotur'e area). Early 
Paleocene. European part: Volga area, very rare (Penza Region; 
Ul'yanovsk); Western Siberia: eastern slope of the Urals, lower part of 
Talitsa suite, very rare to common (Loz'va River, near village of Pristan'; 
Ivdel', Serov and Makhnevo areas). 

General distribution: Senonian. Central Europe (Poland, Gulf of 
Danzig). Early Eocene. Western Europe (Denmark, Moler suite, Mors 
and Fuur islands; German Democratic Republic, Greifswalder Oie). 

Note: Differs from Dictyocha triacantha var. apiculata Lemm. 
in the complete absence of radial horns. 

In Cretaceous deposits of the eastern slope of the Urals small specimens 
occur whose sides are 36—63 y long, in contrast to the 70—100 uw length 
of the Paleocene specimens. In addition, the Paleocene forms show a 
considerable variation of the skeletal contour. 


F. minor Gleser (Plate VIII, 3—5; Plate XXXI, 7). 

Glezer (1964), Novosti sist. nizsh. rast. p. 46, Table 1, Figure 1l. — 
Ebria tripartita Ehr. sensu Jousé, Zhuze (1955), Bot. mater. Otd. 
spor. rast. BIN AN SSSR, 10, Figure 7. 

Basal ring varies from nearly circular to rounded-triangular with 
strongly convex sides, 15—30y long, and with or without rudimentary 
radial horns. Apical apparatus is high, and the lateral rods are raised 
above plane of the basal ring. 
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Distribution in the USSR: Early Paleocene. European part: Volga 
area, Lower Syzran bed, very rare (Ul'yanovsk Region, Inza station); 
Western Siberia: eastern slope of the Urals, lower part of Talitsa suite, 
very rare to abundant (Loz'va River near village of Pristan'; Ivdel', Serov 
and Makhnevo areas). Early Eocene. European part: Volga area, 
Ul'yanovsk Region, very rare; Western Siberia: eastern slope of the Urals, 
Serov suite, very rare (Alapaevsk area); Trans-Urals, lower part of the 
Lyulimvor suite, very rare (Berezovo area), basin of the Vogulka River). 
Middle (?) Eocene. Western Siberia: Taz peninsula, very rare to rare 
(Srednaya Khadyta River; interfluve of Srednaya and Upper Khadyta rivers; 
En-Yakha River). Late Eocene. Western Siberia: Taz peninsula, 
very rare (En-Yakha River); basin of the Pechal'-Ky, a right tributary of 
the Taz River, very rare, eastern slope of the Urals, Irbit suite, very 
rare to rare (Ivdel' area); Middle Ob area, Lyulimvor suite, rare (basin 
of the Parabel' and Chuzik rivers). Late Eocene — Early Oligo- 
cene (?). Western Siberia: Middle Ob area, lower part of Chegan suite, 
very rare (basin of the Parabel' and Chuzik rivers). Early Oligo- 
cene (?). Western Siberia: Taz peninsula, very rare (En-Yakha River), 
Chegan suite, very rare (Pelym River near village of Burmantovo). 

General distribution: Known only from the USSR. 

Note: Differs from D. triacantha var. inermis Lemm. f. iner- 
mis inits significantly smaller size and relatively higher apical apparatus. 
Deflandre (1950) and Frenguelli (1940) regard the skeletal size as an 
important taxonomic sign. 


Var. hastata Lemm. (Plate VI, 6—8; Plate VII, 1—8; Plate XXXI, 8,9). 

Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 2, p. 259, Table 10, 
Figures 16, 17; Schulz (1928), Bot. Arch. 21, 2, p. 249, Figures 29b, 
3la—c; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 

p. 43, Figure 35 a—c; Deflandre (1932); -Bull.Soc.. fr. \Microse.)/ ly943 
Figure 28; Glezer (1960), Inform. sb. VSEGEI, 35, Table 2, Figure 4. — 
Corbisema hastata (Lemm.) Frenguelli (1940), Revista Mus. La 
Plata, Nuev, ser., 2, Secc. Paleontol. 7, Figure 12c. 

Basal ring is a more or less regular isosceles triangle with straight or 
convex lateral sides, 27—52u long, and very concave, sometimes straight, 
usually short base, 15.3—40u long. Radial horns range from barely 
visible to 14 wlong. 

Distribution inthe USSR: Early Paleocene. European part: Volga 
area, Lower Syzran bed, very rare to common (Ul'yanovsk Region, 
Sengilei, Inza station, Arkhangel'skoe village; Penza Region); Western 
Siberia: eastern slope of the Urals, lower part of Talitsa suite, very rare 
to abundant (Loz'va River near the village of Pristan'; Ivdel', Serov and 
Makhnevo areas). Early Eocene. European part: Volga area, 
Kamyshin bed, very rare (Ul'yanovsk Region, Sharlovo village; Akhmetlei 
village; Western Siberia: eastern slope of the Urals, Serov suite, very 
rare (Ivdel', Serov and Alapaevsk areas). Middle (?) Eocene. 
Western Siberia: Taz peninsula, very rare (interfluve of Upper and 
Srednaya Khadyta rivers); eastern slope of the Urals, Irbit suite, very 
rare to frequent (Serov area). Late Eocene. Western Siberia: Taz 
peninsula, very rare (Arka-Tab-Yakha and En-Yakha rivers); basin of 
the Pechal'-Ky, a right tributary of the Taz River, very rare; eastern 
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slope of the Urals, Irbit suite, very rare to rare (Ivdel' area); Middle 

Ob area, Lyulimvor suite, very rare to frequent (basin of the Parabel! 

and Chuzik rivers, Vasyugan River); Central Asia: Aral-Caspian area, 
upper part of Tas- Aran suite, very rare (Uzen'-Kairakty River, a tributary 
of the Irgiz). Late Eocene — Early Oligocene (?). Western 
Siberia: Ob basin, lower part of Chegan suite, very rare (Malyi Atlym 
village, basin of Parabel' and Chuzik rivers). Early Oligocene (?). 
Western Siberia: Taz peninsula, En-Yakha River, very rare. 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur islands; German Democratic Republic, 
Greifswalder Oie). Late Eocene or Early Oligocene. Australia 
(Oamaru, New Zealand). 

Note: The finding in the Upper Cretaceous deposits of Poland requires 
confirmation since the form drawn by Schulz (lc., Figure 76) may be an 
abnormal specimen of Dictyocha triacantha var. apiculata (the 
size is not indicated by Schulz). The specimens from the Paleogene of 
Western Siberia and the Paleocene of the Volga area are slightly smaller 
than forms described by Lemmermann (l.c.) from the Early Eocene of 
Fuur Island, Denmark. The Paleocene specimens show the greatest 
diversity in contour and size of the skeleton. Noting the characteristic 
arrow-shaped skeleton of this form, Lemmermann writes that it might be 
regarded as a separate species, Dictyocha hastata. Frenguelli 
places in this species not only forms with a hastate skeleton, but also 
triangular forms of the type of D. triacantha Ehr. var. triacantha 
encountered in Paleocene deposits of the village of Anan'ino in the Volga 
area. He believes that this species belongs to the genus Corbisema. 

D. triacantha var. hastata Lemm. is defined here after 
Lemmermann (l.c. ). 


2. Dictyocha archangelskiana (Schulz) Gleser (Plate VIII, 6,7). 

Glezer (1960) Inform. sb. VSEGEI, 35, Table 2, Figure 7. — Dic- 
tyocha triacantha var. archangelskiana Schulz (1928), Bot. 
Arch. 21, 2, p. 250, Figures 28a—c, 77; Gemeinhardt (1930), Silicofl. 
In: Rabenhorst's Krypt.-Fl., 10, p.45, Figure 34. —Corbisema 
archangelskiana Frenguelli (1940), Revista Mus. La Plata, Nuev. 
ser., 2, Secc. Paleontol. 7, Figure 12a. —C. geometrica Hanna sensu 
Jousé. Zhuze (1951), Bot. mater. Otd. spor. rast. BIN AN SSSR, 7, 

p. 63, Table 6, Figure 1. 

Basal ring is triangular with bluntly truncated apices, 22—30 yu wide, 
and strongly concave sides, 50—100yulong. Basal windows are often 
unequal. Three lateral rods join in one point. Long supporting spines are 
situated below the lateral rods. Skeletal walls are smooth or dentate. 

Distribution in the USSR. Santonian-Campanian. Western Siberia: 
eastern slope of the Urals, Slavgorod suite, very rare. Early Paleo- 
cene. European part: Volga area, very rare (Ul'yanovsk Region, 
Arkhangelskoe village); Western Siberia: eastern slope of the Urals, 
lower part of Talitsa suite, very rare to frequent (Loz'va River near 
village of Pristan'; Ivdel', Serov and Makhnevo areas). Early Eocene. 
Western Siberia: eastern slope of the Urals, Serov suite, very rare 
(Ivdel' and Serov areas). 

General distribution: Senonian. Central Europe (Poland, Gulf of 
Danzig). Late Eocene or Early Oligocene. Australia (Oamaru, 
New Zealand). 
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Note: The forms encountered in the Paleogene deposits of Western 
Siberia, Volga area and New Zealand are very similar and conform to the 
descriptions published by the above authors. In addition to the type form, 
the Paleocene of Western Siberia contains specimens representing a 
transition to D. triacantha var. inermis Lemm. The connection 
between these two forms was stressed earlier by Schulz (l.c.). Apparently, 
this form exists separately from other species in the Late Eocene — Early 
Oligocene of New Zealand. Probably this is the reason Frenguelli proposed 
species rank for it. Because of the position of the supporting spines, 
Frenguelli placed it in the genus Corbisema Hanna. While retaining 
species rank for this silicoflagellate, we place it in the genus Dictyocha 
Ehr. because the supporting spines are located on the basal rods and not 
the lateral rods. 


3. Dictyocha furcata Jousé (Plate XXXII, 6). 

Zhuze (1949), Bot. mater. Otd. spor. rast. BIN AN SSSR, 6, p. 76, 
Figure 3. 

Basal ring is triangular with bluntly truncated apices bearing two very 
short radial horns each and with straight or slightly concave sides, 
80—84u long. Three lateral rods meet at one point. Supporting spines 
are below the lateral rods. Skeleton is very rough with strongly dentate 
walls. 

Distribution in the USSR. Upper Cretaceous. Western Siberia: 
eastern slope of the Urals (Pelym River, very rare; basin of Bol'shoi 
Aktai River). Early Paleocene. Western Siberia: eastern slope of 
the Urals, lower part of Talitsa suite, very rare (Makhnevo area). 

General distribution: Found only in the USSR. 

Note: Our specimens differ from those described by Zhuze (l.c.) in 
possessing a larger skeleton. They resemble D. archangelskiana 
(Schulz) Gleser in the size of the skeleton and bluntly truncated apex of 
the triangle, but differ in possessing rudimentary radial horns. Super- 
ficially, this species resembes D. bimucronata (Defl. ) Tsumura 
(Deflandre, 1950, p. 63, Figures 174—177) from the Late Oligocene — 
Early Miocene deposits of Barbados Island (Lesser Antilles) and Paleogene 
deposits of Staroverovka village in Kharkov Region, but differs in having 
a larger, strongly dentate skeleton with narrower apices. 


4. Dictyocha bimucronata (Defl.) Tsumura (Plate IX, 2). 

Tsumura (1963), J. Yokohama Municipal Univ., ser. C — 45, 146, 

p. 50, Table 9, Figure 6. —-Corbisema bimucronata Deflandre 
(1950), Microscopie, 2, p. 63, Figures 174—177. 

Basal ring is triangular with bluntly truncated apices on which there 
are poorly developed radial horns of about 1u; the sides of the basal ring 
are concave and about 40 uw long, blunt ends are about 8 uw wide. The walls 
of the skeleton are relatively thin and smooth. 

Distribution in the USSR: Early Oligocene (?). European part: 
Ukrainian SSR, Kharkov (?) suite, very rare (Kharkov Region, Staro- 
verovka village). 

General distribution: Upper Eocene — Lower Miocene. 

South America (Lesser Antilles: Barbados Island, Springfield, and 
Newcastle). 
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Note: The Ukrainian form differs from the Barbados form in the absence 
of supporting spines, thus proving once again that the arrangement of the 
supporting spines cannot serve as the major criterion in defining the genus 
Corbisema as does Deflandre. D. bimucronata differs from the 
closely similar D. furcata Jousé in possessing a smaller, smooth 
skeleton with wider apices. 


5. Dictyocha navicula Ehr. (Plate IX, 4, 5). 

Ehrenberg (1839), Abhandl. Konig. Akad. Wiss., p. 128; Ehrenberg 
(1854), Mikrogeol., Table 20, Figure 43; Kitzing (1849), Species Algarum, 
p. 145; Ktutzing (1865), Die kieselschaligen Bacillariaceen oder Diatomeen, 
p. 140; Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 257, 

Tables 10, 11—13; Lemmermann (1903), Nord. Plankton, 2, p. 27, 
Figure 90; Lemmermann (1908), Nord. Plankton, 21, p. 27, Figure 90; 
Schulz (1928), Bot. Arch. 21, 2, p. 243, Figure 16a, b; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 35, Figure 22; 
Deflandre (1932), Bull.Soc. fr. Microsc., 1, 1, Figure 13; Deflandre 
(1932), Bull. Soc. bot. France, 79, p. 500; Hovasse (1943), Bull. Biol. 
Tt) p. "2985" Figure 16; "Zhuze (1955); "Bot? mater.’ Otd. ‘spor: rast.’ BIN 
AN SSSR, 10, p. 78, Figure 1; Proshkina-Lavrenko (1959), Tr. BIN AN 
book; ser. 2, Spor: vast? 12, p. lot; “Pable’?;" Figures 2;3; Glever 
(1960), Inform. sb. VSEGEI, 35, Plate 2, Figure 10. — D. ponticulus 
Ehrenberg (1844), Berg. Verhandl. Konig. Akad. Wiss., p. 267; Kutzing 
(1849), Species Algarum, p. 144. —Corbisema apiculata f. 
naviculoidea Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 
2, pece. Paleontor. 1, Wigure t21."-"C.apieculat a’ vari ine mmis 
(Lemm.) Deflandre (1950), Microscopie, 2, Figure 88. — Naviculopsis 
navicula Deflandre (1950), Ibid., p. 77, Figures 241—243. 

Oval basal ring with bluntly rounded ends, 60—65 yu long, 30—35 yp wide, 
is divided by transverse rod into an equal basal windows. Supporting 
spines are situated below lateral rod, Skeletal walls are smooth or dentate. 

Distribution in the USSR: Early Eocene. European part: Volga 
area, Kamyshin bed, very rare (Ul'yanovsk Region, town of Sengilei, 
Granoe Ukho quarry); Western Siberia: eastern slope of the Urals, Serov 
suite, very rare (Ivdel' and Serov areas). Middle (?) Eocene. Western 
Siberia: eastern slope of the Urals, Irbit suite, very rare (Serov area). 
Late Eocene. Western Siberia: Middle Ob area, Lyulimvor suite, very 
rare (Vasyugan River). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur Islands). 

Note: Ehrenberg's material from Bermuda is actually fossil, and not 
contemporary as Lemmermann and other authors erroneously reported. 
The communication by Schiller (1925) concerning the presence of D. 
navicula Ehr. in the Adriatic Sea must be confirmed. 

The specimens from the Eocene of the Volga area have basal rings with 
wide bluntly truncated ends and those from the Eocene of Western Siberia 
possess wide rounded ends, and differ from those in the Miocene of Zante 
Island, Greece (Schulz, l.c., Figure 16b; Gemeinhardt, l.c., Figure 22; 
Deflandre, 1950, l.c., Figures 241—243) in possessing a more regular 
oval form, wider ends and the presence of supporting spines. Super- 
ficially, the specimens from Western Siberia resemble more closely the 
form found in the Early Eocene of Fuur Island, Denmark (Frenguelli, l.c., 
Figure 12) but differ in having wider ends of the basal ring. 
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Following his basic principle in classification of silicoflagellates that 
the position of the supporting spines is significant (while the skeletal 
form is not essential in this case), Frenguelli (l.c.) regards Dictyocha 
navicula Ehr. as a navicular form of Corbisema apiculata 
(Lemm.) Freng. 

Deflandre places some specimens in C. apiculata var. inermis 
(Lemm.) Defl., apparently in view of the phylogenetic affinities of this 
species (Deflandre, 1950, Figures 86—88). The remaining forms he 
identifies as Naviculopsis navicula (Ehr.) Defl. because of the 
bluntly truncated ends of the basal ring, which he regards as typical of 
the latter species. Examination of the materials from the eastern slope 
of the Urals and the Volga area and published data show that all the 
specimens belong to the same species. This species cannot be placed in 
Naviculopsis Freng. since its skeleton is tubular throughout. The 
variation in the contour of the basal ring may be attributed to local 
conditions. The studies of Deflandre concerning the link between D. 
navicula Ehr. and Corbisema apiculata var. inermis (Lemm.) 
Defl. (= D. triacantha var. inermis Lemm.) shed light on the 
origin of this species, but do not explain satisfactorily its systematic 
position. 
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6. Dictyocha lamellifera Gleser. 

Basal ring is triangular; middle parts of basal rods are flattened and 
widen into small platforms. One margin of the platform bends upward and 
merges with the lateral bar; the other margin narrows V-like to form a 
supporting spine. Supporting spines are sometimes absent. All 3 lateral 
rods meet at one point. Inner canal of skeleton is clearly visible in 
radial horns and in apices of basal ring. Contour of skeleton is variable. 

Note: Resembles Dictyocha triacantha Ehr. in the form of the 
basal ring but differs in having flattened areas on the basal rods, a sign 
which connects the new species to the genus Naviculopsis Freng. 
However, D. lamellifera differs sharply from the latter in the form of 
the skeleton. 

D. lamellifera Gleser represents a connecting link between two 
genera — Dictyocha Ehr. and Naviculopsis Freng. Accordingly, 
its taxonomic position varies from one author to another. Based on the 
superficial appearance, Schulz (1928, p. 247, Figure 24) determined 
specimens from the Early Eocene of Denmark as D. triacantha Ehr., 
although he noted differences in the skeletal construction. Gemeinhardt 
(1930, Figure 28a) holds a similar view. On the other hand, Frenguelli 
(1940, Figure 11f) stressed the structural details and regarded the skeletal 
form as a minor feature, and therefore considered the Danish specimens 
as triangular forms of Naviculopsis biapiculata (Lemm.) Freng. 

That this silicoflagellate deserves species rank is evident from its 
clear-cut morphological characteristics and features of its distribution. 

A polymorphic species. 


Var. lamellifera (Plate X, 11,13,14; Plate XXXII, 3). 

Glezer (1964), Novosti sist. nizsh. rast., p. 48, Table 1, Figure 2. — 
D. triacantha Ehr. sensu Schulz (1928), Bot. Arch. 21, 2, p. 247, 
Figure 24; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 
Figure 28a. — Naviculopsis biapiculata f. triacantha 
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Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 
1, «Figure J 1. 

The basal ring is an equilateral triangle with slightly convex or almost 
straight sides, 20—40ylong, and radial horns up to 54 u long. Supporting 
spines often are absent. 

Distribution in the USSR: Early Eocene. European part: Volga 
area, Kamyshin bed, very rare to abundant (Ul'yanovsk Region, Sengilei, 
Granoe Ukho quarry; Sharlovo village; Akhmetlei village); Western 
Siberia: eastern slope of the Urals, Serov suite, very rare to abundant 
(Ivdel', Serov and Alapaevsk areas); Trans-Urals, lower part of Lyulimvor 
suite, abundant (basin of the Vogulka River, Berezovo area). Middle (?) 
Eocene. Western Siberia: Taz peninsula, very rare to common (Arka- 
Tab-Yakha, Khadutte, Srednaya Khadyta rivers; interfluve of the Srednaya 
and Upper Khadyta rivers; En-Yakha River): Sherkaly village area, 
Lyulimvor suite, rare; eastern slope of the Urals, Irbit suite, rare to 
frequent (Serov area). Late Eocene. Western Siberia: Taz peninsula, 
very rare to rare (Arka-Tab-Yakha River; En-Yakha River); basin of 
Pechal'-Ky, a right tributary of Taz River, very rare; Sherkaly area, 
Lyulimvor suite, very rare; eastern slope of the Urals, Irbit suite, very 
rare to frequent (Ivdel' and Serov areas). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur islands). 

Note: Many specimens from the Eocene of Western Siberia and the 
Volga area resemble those from the Early Eocene of Denmark in the form 
of the basal ring (Schulz, 1.c.; Gemeinhardt, 1.c.). 


Var. hastata Gleser (Plate X, 10). 

Glezer (1964), Novosti sist. nizsh. rast., p. 48, Table 1, Figure 4. 

Basal ring is an isosceles triangle with longer lateral sides, 20—40y 
long, and a shorter, straight or concave base, 15—30y long, and with 
radial horns up to 50y long. 

Distribution in the USSR: Early Eocene. European part: Volga 
area, Kamyshin bed, very rare (Ul'yanovsk Region, town of Sengilei; 
Sharlovo village); Western Siberia: eastern slope of the Urals, Serov 
suite, common to abundant (Serov and Alapaevsk areas); Trans-Urals, 
lower part of Lyulimvor suite, rare (basin of Vogulka River, Berezovo 
area). 

General distribution: Found only in the USSR. 

Note: Differs from the type form in the isosceles basal ring. Super- 
ficially, this form resembles D.triacantha var. hastata Lemm., 
although it differs in having flattened areas on the basal rods. 


Var. constricta Gleser (Plate X, 15—17; Plate XXXII, 2). 

Glezer (1964), Novosti sist. nizsh. rast., p. 50, Table 1, Figure 3. 

Basal ring is an equilateral triangle with convex sides, rather strongly 
concave in the middle, 15—27 yu long, and with radial horns 3—15 wlong. 

Distribution inthe USSR: Early Eocene. European part: Volga 
area, very rare to abundant (Ul'yanovsk Region, town of Sengilei; Sharlovo 
village, Akhmetlei village); Western Siberia: eastern slope of the Urals, 
Serov suite, very rare to abundant (Ivdel', Serov and Alapaevsk areas); 
Lower Ob area, lower part of the Lyulimvor suite, rare (basin of Vogulka 
River, Berezovo area). 
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General distribution: Found only in the USSR. 

Note: Differs from the type variety in its relatively smaller size, the 
more circular contours of the basal ring and the more strongly concave 
sides. 

In their article, Krotov and Shibkova (1961, p. 221, Figure 4, 16) 
mention Dictyocha triacantha var. eocaenica Krotov as a compo- 
nent of the characteristic complex of the Early Eocene of the eastern slope 
of the Urals. This form resembles D. lamellifera var. constricta 
in contour, but the lack of description prevents identification of the two 
taxons. 


7. Dictyocha elongata Gleser (Plate XI, 1—7). 

Glezer (1964), Novosti sist. nizsh. rast., p. 50, Plate 1, Figures 5—7. 

Asymmetrical basal ring of irregular form ranging from almost tri- 
angular to nearly oval consists of 3 convex basal rods of unequal size, 
flattened and slightly widened in the middle. The large rod is 25—30y 
long, the two smaller rods are 13—15y long. Two radial horns, situated 
on the long axis, are 8—18y long; the third horn is shorter, not more 
than 8 w, and shows a tendency to reduction. The lateral rod arising from 
the longer side is usually longer than the two other rods, which tend to be 
reduced. All 3 lateral rods slope out from the inner margin of the basal 
ring and meet at one point. Basal windows are unequal in size. There 
are no supporting spines. 

A highly variable species. 

Distribution inthe USSR: Early Eocene. European part: Volga area, 
Kamyshin bed, very rare to rare (Ul'yanovsk Region, town of Sengilei, 
Granoe Ukho quarry; Sharlovo village); Western Siberia: eastern slope of 
the Urals, Serov suite, very rare to frequent (Ivdel', Serov and Alapaevsk 
areas). Middle (?) Eocene. Western Siberia: eastern slope of the 
Urals, Irbit suite, very rare (Serov area). 

General distribution: Found only in the USSR. 

Note: The presence of flattened, widened areas on the basal rods and 
the tripartite structure of the skeleton are reminiscent of D. lamelli- 
fera Gleser from which this species differs in the asymmetrical 
arrangement of the skeletal parts. 

This species occupies an intermediate position between D. lamelli- 
fera Gleser and some species of the genus Naviculopsis Freng. 
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8. Dictyocha elata Gleser. 

Basal ring varies from triangular to almost circular with or without 
radial horns. The 3 lateral rods are curved and almost perpendicular to 
the plane of the basal ring. All 3 basal windows are identical. Supporting 
and accessory spines are always absent. The walls of the skeleton are 
usually dentate. 

Note: The triangular shape of the basal ring and the presence of all 
three lateral rods connect this species to D. triacantha Ehr., but it 
differs in possessing curved lateral rods, which arise almost per- 
pendicularly to the basal ring, and in the constant lack of supporting 
spines. The structure of its lateral rods is reminiscent of D. frenguel- 
lii var. carentis Gleser, but it differs from the latter in the triangular 
form of the basal ring and the structure of the apical apparatus consisting 
of only 3 lateral rods. 

A polymorphic species. 
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Var. elata (Plate X, 1, 4). 

Glezer (1964), Novosti sist. nizsh. rast., p. 51, Table 1, Figure 11. — 
D. triacantha Ehr. sensu Gemeinhardt (1930), Silicofl. In: Rabenhorst's 
Krypt.-Fl. 10, Figure 28b. 

Basal ring is triangular with convex sides, 15—27 yu long, and well 
developed radial horns, 10—20 yu long. 

Distribution in the USSR: Middle (?) Eocene. Western Siberia: 
Taz peninsula, very rare to common (Arka-Tab-Yakha, Khadutte, and 
En-Yakha rivers). Late Eocene. Western Siberia: Taz peninsula, 
very rare (Arka-Tab-Yakha and En-Yakha rivers); eastern slope of the 
Urals, Irbit suite, very rare to rare (Ivdel' and Serov areas); Middle Ob 
area, Lyulimvor suite, very rare (basin of Parabel' and Chuzik rivers). 
Late Eocene — Early Oligocene (?). Western Siberia: Taz 
peninsula, very rare (En-Yakha River). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors Island). 

Note: The specimens from the Paleogene deposits of Western Siberia 
are quite identical to the form found in the Early Oligocene of Mors Island, 
Denmark (Gemeinhardt, l.c.). 

B28 Var. media Gleser. 

Basal ring is rounded-triangular or circular, 2— 25 uw in diameter; 
radial horns are short or absent. 

Note: Differs from var. elata in its rounded-triangular basal ring 
and usually smaller dimensions. 


F. media (Plate X, 2, 3, 5). 

Dictyocha elata var. media Gleser, Glezer (1964), Novosti sist. 
nizsh. rast., p. 51, Table 1, Figures 9, 10. — Dictyocha sp. ("three- 
rayed''). In: Stratigrafiya mezozoya..., 1957, Table 135, Figure 3. 

Basal ring is almost circular with strongly convex sides, 5—25 yu long, 
and short radial horns. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, Tas-Aran suite, abundant (Tumalykol'). Eocene — Early 
Oligocene (?). Western Siberia: basin of Tura River, a tributary of 
the Tobol (Tyumen; Luchinkino village); basin of Tavda River, a tributary 
of the Tobol (the villages of Kuznetsovo and Kamensko-Gusel'nikovo); 
Middle Ob area (basin of Vakh River; Lar'yak village). Early Oligo- 
cene (?). Western Siberia: Taz peninsula, abundant (Khabirutta and 
En-Yakha rivers); basin of Pelym River, Chegan suite, common (area 
of Burmantovo village). 

General distribution: Found only in the USSR. 

Note: Resembles Corbisema spinosa Deflandre (1950, p. 65, 
Figures 178—182) in the form of the skeleton, but differs in the absence 
of accessory spines. 


F. reducta Gleser (Plate X, 9). 

Glezer (1964), Novosti sist. nizsh. rast., p. 51, Plate 1, Figure 8. — 
D. rotundata Jousé. In: Stratigrafiya mezozoya..., 1957, Table 135, 
Figure 4. 

Basal ring is often not quite symmetrically circular or rounded- 
triangular, 5—16 yw in diameter, and without radial horns. 
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Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, Tas-Aran suite, very abundant (Tumalykol'). Eocene — 
Early Oligocene (?). Western Siberia: basin of Tura River, a 
tributary of the Tobol (Tyumen; Luchinkino village); basin of Tavda 
River, a tributary of the Tobol (villages of Kuznetsovo and Kamensko- 
Gusel'nikovo); Middle Ob area (basin of Vakh River; Lar'yak village). 
Early Oligocene (?). Western Siberia: Taz peninsula, abundant to 
very abundant (Khabirutta and En-Yakha rivers); basin of Pelym River, 
Chegan suite, abundant (area of Burmantovo village). 

General distribution: Found in the USSR only. 

Note: Differs from D. elata var. media f. media in its usually 
smaller size, frequently in the irregular shape of the basal ring and the 
completely reduced radial horns. Incontrast to Dictyocha rotundata 
Jousé, it has a tripartite skeleton. 


9. Dictyocha spinosa (Defl.) Gleser (Plate X, 6—8). 

Glezer (1960), Inform. sb. VSEGEI, 35, Table 3, Figure 31. — 
Corbisema spinosa Deflandre (1950), Microscopie, 2, p. 65, 

Figures 178—182. 

Basal ring is equilateral, rarely isosceles, triangle with strongly 
convex sides, 8—15y long and radial horns, 1—8y long. Lateral rods 
are curved and rise almost vertically from plane of basal ring to unite at 
one point. Coarse accessory spines up to 10 yu long are located at site of 
curvature; there are no supporting spines. 

Distribution in the USSR: Late Eocene. Central Asia: Aral-Caspian 
area, Tas-Aran suite, very rare (Tumalykol'); Western Siberia: eastern 
slope of the Urals, Irbit suite, very rare (Ivdel' area); Central Asia: 
Aral-Caspian area, basin of the Irgiz River, upper part of Tas- Aran suite, 
common (Uzen'-Kairakty River). Late Eocene — Early Oligocene 
(?). Western Siberia: Taz peninsula, very rare (En-Yakha River); 

Lower Ob area, lower part of the Chegan suite, very rare (Malaya Sosva 
River); eastern slope of the Urals, lower part of Chegan suite, very rare 
(Ivdel' area); Middle Ob area, lower part of Chegan suite, very rare 
(basin of Vasyugan River). Early Oligocene (?). European part: 
Ukrainian SSR, Kharkov suite (?), rare to common (Kharkov Region, 
Staroverovka village; Krasnyi Oskol village); Western Siberia: southern 
part of Taz peninsula, frequent. 

General distribution: Late Eocene — Early Miocene. South 
America (Barbados Island, Lesser Antilles). 

Note: Differs from the forms described by Deflandre (l.c.) from the 
Eocene — Miocene deposits of Barbados Island (Lesser Antilles) in possess- 
ing a smaller skeleton. Resembes D. elata var. media Gleser in the 
form of the basal ring, the structure of the lateral rods and the dimensions 
of the skeleton, but differs in having coarse accessory spines. Both forms 
occur together in the Paleogene deposits of Western Siberia and are 
connected to one another by transitions. This species apparently occurs 
independently in the Kharkov suite of the Early Oligocene of the Ukrainian 
SSR and in the Late Eocene — Early Miocene deposits of Barbados Island. 


10. Dictyocha hexacantha Schulz (Plate X, 12). 


Schulz (1928), Bot. Arch. 21, 2, p. 255, Figure 43; Gemeinhardt - 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 55, Figure 46; Hanna 
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(1931), Mining in Calif. 27, 2, Table D, Figure 7. — Dictyocha 
deflandrei f. hexagona Frenguelli (1940), Revista Mus. La Plata, 
Nuev. ser., 2, Secc. Paleontol. 7, Figure 14g. —Corbisema hexa- 
cantha Deflandre (1950), Microscopie, 2, p. 65, Figures 183 —187. 

Basal ring is hexagonal, 15—18 yu wide, with 6 slightly convex sides, 
5—7 wu long, and with 6 more or less equal radial horns, 4—8y long. 
Three relatively straight lateral rods are aligned with the 3 radial horns. 
Three basal windows are more or less identical. There are no supporting 
spines. Skeletal walls are smooth or slightly dentate. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, basin of Irgiz River, upper part of Tas-Aran suite, very 
rare (Uzen'-Kairakty River). Early Oligocene (?). European part: 
Ukrainian SSR, Kharkov suite (?), very rare to frequent (left bank of 
Dnieper, north of Nizhne-Dneprovskii Uzel station; Kharkov Region, 
Staroverovka village). 

General distribution: Eocene. North America: (California, Rancho 
Dominguin): Late Eocene or Early Oligocene. Australia 
(Oamaru, New Zealand); North America (California, Krayenhagen forma- 
tion). Late Eocene — Early Miocene. South America (Lesser 
Antilles, Barbados Island, Springfield). 

Note: The forms encountered in the rocks of the Kharkov (?) suite are 
generally similar to the specimens from California (Hanna, 1. c.) and New 
Zealand (Schulz, 1l.c.), but differ in being smaller. They differ from the 
Oamaru specimen (Frenguelli, 1.c.) only in having slightly thinner lateral 
rods and longer radial horns. We do not agree with the referral by 
Frenguelli of this aberrant form to the group of forms of Dictyocha 
agetlandrei. reng. 


14. Dictyocha frenguellii Defl. 

Basal ring is quadrangular with straight or slightly convex sides and 
uniform, relatively developed radial horns. The 4 lateral rods are strongly 
geniculate, almost perpendicular to the plane of the basal ring and join 
terminally with the apical rod, which often is wider than the rest of the 
skeleton. Basal windows are unequal. Supporting spines are below or to 
the side of the lateral rods. Lateral rods sometimes bear accessory 
spines at the curvature. Skeletal sculpture is in form of fine nodules 
and thin ribs. 

Note: Deflandre (1950, p. 66, Figures 188—193) places in this species 
only forms possessing accessory spines on the geniculate lateral rods. He 
notes that the taxonomic position of specimens lacking accessory spines 
occurring in the same deposits near Sengilei and Kamyshin (Volga area) is 
uncertain. We believe that these forms belong to the same species because 
of their common occurrence in the Paleogene of Western Siberia, their 
morphologic similarity and the existence of transitional forms. 


Var. frenguellii (Plate XI, 9). 

D. frenguellii Deflandre (1950), Microscopie, 2, p. 66, Figures 188 — 
193. — D. fibula Ehr. forma Deflandre (1940), C.r.Hebd. Séance Acad. 
Sci. 211, p. 598, Figure 2. 

Basal ring is usually square with straight or slightly convex sides, 
10—304yu long, and developed radial horns, 8—22 yu long. Height of 
skeleton is about 20 yu. Length of accessory spines is about 6 yu. 
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Distribution in the USSR: Eocene. European part: Volga area 
(Ul'yanovsk Region, Sengilei; Kamyshin). Middle (?) Eocene. 
Western Siberia: Taz peninsula, very rare (Arka-Tab-Yakha and Khadutte 
rivers). Late Eocene. Western Siberia: Taz peninsula, very rare 
(Arka-Tab-Yakha and En-Yakha rivers); basin of Pechal'-Ky, a right 
tributary of the Taz River; Lower Ob area, Lyulimvor suite, very rare to 
rare (villages of Malyi Atlym and Sherkaly); eastern slope of the Urals, 
Irbit suite, rare to common (Ivdel' and Serov areas); Middle Ob area, 
Lyulimvor suite, rare to abundant (basins of Parabel' and Chuzik rivers; 
Vasyugan River). Late Eocene — Early Oligocene (?). Western 
Siberia: Taz peninsula, very rare (En-Yakha River); eastern slope of 
the Urals, lower part of Chegan suite, very rare; Lower Ob area, lower 
part of Chegan suite, very rare (Malaya Sosva River). 

General distribution: Found in the USSR only. 

Note: Differs from the form described by Deflandre (1l.c.) in its slightly 
smaller size. Resembles Dictyocha spinosa (Defl.) Gleser in the 
structure of the apical apparatus, but differs in possessing a quadripartite 
skeleton. 


Var. carentis Gleser. 
Basal rods are straight or convex, 5.4—20.5 uy long. Radial horns 
appear as small nodules, or are well developed. 


F. carentis (Plate XI, 8, 10—13; Plate XXXIII, 1, 2). 

Dictyocha frenguellii var. carentis Gleser (1964), Novosti 
sist. nizsh. rast., p. 52, Table 1, Figures 12—14. — Dictyocha 
fibula Ehr. sensu Jousé, Zhuze (1955), Bot. mater. Otd. spor. rast. 
BIN AN SSSR, 10, p. 78, Figure 4. 

Basal rods are straight or slightly convex, 5.4—20.5u long. Radial 
horns are more or less uniform, 3—18 yu long. Apical rod is 3.6—11l4y 
wide. Skeleton is 10—20 wu high. 

Distribution in the USSR: Eocene. European part: Volga area. 
Middle (?) Eocene. Western Siberia: Taz peninsula, very rare to 
abundant (Arka-Tab-Yakha, Khadutte, En-Yakha, and Srednaya Khadyta 
rivers; interfluve of Srednaya and Upper Khadyta rivers); eastern slope 
of the Urals, Irbit suite, frequent to abundant (Ivdel' and Serov areas); 
Lower Ob area, Lyulimvor suite, frequent (Sherkaly village). Late 
Eocene. Western Siberia: Taz peninsula, rare to abundant (Arka- 
Tab-Yakha, and Srednaya Khadyta rivers, coast of Ob Gulf); basin of 
Pechal'-Ky, a right tributary of Taz River, abundant; Lower Ob area, 
Lyulimvor suite, abundant (Malyi Atlym village; Sherkaly village); 
eastern slope of the Urals, Irbit suite, rare to abundant (Ivdel' and Serov 
areas); Middle Ob area, Lyulimvor suite, abundant to very abundant 
(basin of Parabel' and Chuzik rivers; Vasyugan River). Late Eocene — 
Early Oligocene (?). Western Siberia: Taz peninsula, very rare to 
frequent (Srednaya Khadyta and En-Yakha rivers); Lower Ob area, lower 
part of Chegan suite, very rare to frequent (Malaya Sosva River; Malyi 
Atlym village); eastern slope of the Urals, lower part of Chegan suite, 
abundant (Ivdel' area); Middle Ob area, lower part of Chegan suite, 
frequent to common (basin of Parabel' and Chuzik rivers; Vasyugan River). 
Early Oligocene (?). Western Siberia: Taz peninsula, very rare to 
frequent (Khabirutta and En-Yakha rivers); basin of Pelym River, Chegan 
suite, very rare (area of Burmantovo village). 
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General distribution: Found in the USSR only. 

Note: Differs from var. frenguellii in the absence of accessory 
spines. Resembles Dictyocha fibula Ehr. in dorsal view, which 
explains why some authors place it in this species, but differs from it in 
possessing curved lateral rods and a higher apical apparatus. These signs 
relate this form to D. elata Gleser var. elata, but it differs in the 
quadripartite structure of the skeleton and presence of an apical rod. 


F. incerta Gleser (Plate XI, 14—16). 

Glezer (1964), Novosti sist. nizsh. rast., p. 52, Table 1, Figures 15, 
16. — D. fibula f. rotundata Schulz sensu Deflandre (1932), Bull. Soc. 
fr. Microsc., 1, 1, Figure 34; In: Stratigrafiya mezozoya ..., 1957, 
Table 135, Figure 2, Table 140, Figure 11. 

Basal rods are convex, 9—20u long. Radial horns are reduced to 
small nodules. Apical rod is usually wide. 

Distribution in the USSR: Eocene. European part: Volga area, 
Kuznetsk. Late Eocene. Western Siberia: Taz peninsula, rare to 
abundant (Arka-Tab-Yakha, En-Yakha and Srednaya Khadyta rivers; 
coast of Ob Gulf); basin of Pechal'-Ky River, a right tributary of the Taz, 
abundant; Lower Ob area, Lyulimvor suite, very rare to common (Malyi 
Atlym village; Sharkaly village); eastern slope of the Urals, Irbit suite, 
rare to common (Ivdel' area); Middle Ob area, Lyulimvor suite, common 
to abundant (basins of Parabel' and Chuzik rivers; Vasyugan River). 

Late Eocene — Early Oligocene (?). Western Siberia: Taz 
peninsula, rare (Srednaya Khadyta and En-Yakha rivers); Lower Ob area, 
lower part of Chegan suite. very rare to common, Middle Ob area; 
eastern slope of the Urals, lower part of Chegan suite, abundant (Ivdel!' 
area). Eocene — Early Oligocene. Western Siberia: basin of Tura 
River, a tributary of the Tobol (Tyumen, Luchinkino village); basin of 
Tavda River, a tributary of the Tobol (villages of Kuznetsovo and 
Kamensko-Gusel'nikovo); Middle Ob area (basin of Vakh River, Lar'yak 
village). Early Oligocene (?). Western Siberia: Taz peninsula, 
very rare to rare (En-Yakha and Khabirutta rivers); basin of Pelym River, 
Chegan suite, very rare (area of Burmantovo village). 

General distribution: Found in the USSR only. 

Note: Differs from the type form in having more convex basal rods and 
underdeveloped radial horns. 

This form occupies an intermediate position between two species, D. 
frenguellii Defl. and D. rotundata Jousé. The specimens from the 
Paleogene of Western Siberia are analogous to D. fibula f. rotundata 
Schulz from the Eocene of Kuznetsk as illustrated in Deflandre (l.c.). 
Comparison with the original drawing and description of this form (Schulz, 
1928) shows that D. frenguellii var. carentis f. incerta Gleser 
is distinguished by the presence of curved lateral rods which arise almost 
perpendicularly from the plane of the quadrangular basal ring. 


12. Dictyocha transitoria Defl. (Plate XII, 7—10). 

Deflandre (1932), Bull. Soc. fr. Microse., 1, 1, Figures 25, 26; 
Deflandre (1932), Bull. Soc. bot. Fr., 79, p. 500, Figures 32, 33; In: 
Stratigrafiya mezozoya..., 1957, Table 140, Figure 8; Glezer (1960), 
Inform. sb. VSEGEI, 35, Table 3, Figure 17; Krotov and Shibkova (1961) 
Mater. po geol. ipolezn. iskop. Urala, 9, Figures 6, 17. 
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Oval basal ring is 12—28 uw long and 11—18y wide with two radial horns, 
3—16yu long, onthe poles. Apical apparatus is H-shaped in dorsal view. 
Curved lateral rods arise almost vertically from plane of basal ring 
lateral to the radial horns and almost parallel to lateral sides of basal 
ring. Apical rod is rarely wider than rest of skeleton. The 4 basal windows 
are of dissimilar size and form. Supporting spines usually are absent. 
Skeletal walls are smooth or dentate. 

Distribution in the USSR: Eocene. European part: Volga area 
(Kuznetsk). Early Eocene. European part: Volga area, very rare 
(Ul'yanovsk Region, Sengilei, Granoe Ukho quarry). Late Eocene. 
Western Siberia: Taz peninsula, very rare to rare (Srednaya Khadyta 
River); basin of Pechal'-Ky, a right tributary of Taz River, abundant; 
Lower Ob area, Lyulimvor suite, very rare (Sherkaly village), eastern 
slope of the Urals, Irbit suite, very rare to common (Ivdel' area); Middle 
Ob area, Lyulimvor suite, very rare to abundant (basins of Parabel' and 
Chuzik rivers; Vasyugan River); Central Asia: Aral-Caspian area, basin 
of Irgiz River, upper part of Tas-Aran suite, very rare (Uzen'-Kairakty 
River; Tumalykol' village). Late Eocene — Early Oligocene (?). 
Western Siberia: Taz peninsula, very rare to frequent (Srednaya and Upper 
Khadyta rivers; En-Yakha River); Lower Ob area, lower part of Chegan 
suite, frequent to common (Malyi Atlym village; Malaya Sosva River); 
eastern slope of the Urals, lower part of Chegan suite, very rare to 
frequent (Ivdel' area); Middle Ob area, lower part of Chegan suite, frequent 
to common (basin of Parabel' and Chuzik rivers; Vasyugan River). 
Eocene — Early Oligocene (?). Western Siberia: basin of Tura 
River, a tributary of the Tobol (Tyumen; Luchinkino village); basin of 
Tavda River, a tributary of the Tobol (villages of Kuznetsovo and 
Kamensko-Gusel'nikovo); Middle Ob area (basin of Vakh River, Lar'yak 
village). Early Oligocene (?). Western Siberia: Taz peninsula, 
very rare to rare (Khabirutta and En-Yakha rivers); basin of Pelym River, 
Chegan suite, very rare (area of Burmantovo village). 

General distribution: Found in the USSR only. 

Note: The skeletons of this species from the Paleogene of Western 
Siberia are identical to those described by Deflandre (l.c.) from the Eocene 
of Kuznetsk (Volga area) except for the presence of supporting spines, which 
develop rather rarely. 


13. Dictyocha rotundata Jousé. 

Basal ring is rounded-polygonal or circular, 5—20 yu in diameter. 
Curved lateral rods (from 4 to 9) arise almost perpendicularly to plane of 
basal ring and join the apical rod, which is usually wide. There are 
4—10 basal windows. Supporting spines, situated below the lateral rods, 
often are reduced. Skeletal walls are smooth or dentate. Lateral rods and 
basal windows are highly variable in number. 


Var. rotundata (Plate XI, 17—20). 
Glezer (1964), Novosti sist. nizsh. rast., p. 53, Table 1, Figures 17, 


18. — D. rotundata Jousé ex parte Jousé. Zhuze (1955), Bot. mater. 
Otd. spor. rast. BIN AN SSSR, 10, p. 78, Figures 2, 3; In: Stratigrafiya 
mezozoya..., 1957, Table 140, Figure 12. 


This variety is characterized by the presence of 4 lateral rods. Super- 
ficially, it resembles D. frenguellii var. carentis Gleser f. 
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carentis andf. incerta Gleser, but differs from them in the rounded 
form of the basal ring and reduced radial horns. 

Distribution in the USSR: Late Eocene. Western Siberia: Taz 
peninsula, very rare to abundant (Arka-Tab-Yakha, En-Yakha and Srednaya 
Khadyta rivers; Gulf of Ob coast); basin of the Pechal'-Ky, a right tribu- 
tary of the Taz, very rare to abundant; Lower Ob area, Lyulimvor suite, 
very rare (villages of Malyi Atlym and Sherkaly); eastern slope of the 
Urals, Irbit suite, very rare to abundant (Ivdel' and Serov areas); Middle 
Ob area, Lyulimvor suite, common to abundant (basins of Parabel' and 
Chuzik rivers; Vasyugan River); Central Asia: Aral-Caspian area, 
basin of Irgiz River, upper part of Tas- Aran suite (Uzen-Kairakty River, 
very rare; Tumalykol' village, frequent). Late Eocene — Early 
Oligocene (?). Western Siberia: Taz peninsula, abundant to very 
abundant (Srednaya Khadyta and En-Yakha rivers); Lower Ob area, lower 
part of Chegan suite, very abundant (Malaya Sosva River; Malyi Atlym 
village); eastern slope of the Urals, lower part of Chegan suite, abundant 
(Ivdel' area); Middle Ob area, lower part of Chegan suite, abundant (basins 
of Parabel' and Chuzik rivers; Vasyugan River). Early Oligocene (?). 
European part: Ukrainian SSR, Kharkov suite (?), very rare (Kharkov 
Region, Staroverovka village); Western Siberia: Taz peninsula, rare to 
common; basin of Pelym River, Chegan suite, frequent (area of Burman- 
tovo village); basin of Tura River, a tributary of the Tobol (Tyumen, 
Luchinkino village); basin of Tavda River, a tributary of the Tobol 
(villages of Kuznetsovo and Kamensko-Gusel'nikovo); Middle Ob area 
(basin of Vakh River; Lar'yak village). 

General distribution: Found in the USSR only. 


Var. secta Gleser (Plate XII, 1—6, 11, 12). 

Glezer (1964), Novosti sist. nizsh. rast., p. 53, Table 1, Figures 19— 
24. —D. rotundata Jousé ex parte Jousé. Zhuze (1955), Bot. mater. 
Otd. spor. rast. BIN AN SSSR, 10, p. 78, Figure 3a; In: Stratigrafiya 
mezozoya..., 1957, Table 135, Figure 6. 

Differs from the type variety in possessing a greater number of lateral 
rods, from 5 to 9. Supporting spines usually absent. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, Tas-Aran suite, rare (Tumalykol'); Western Siberia: Taz 
peninsula, En-Yakha River, vary rare; Middle Ob area, Lyulimvor suite, 
very are (basin of Parabel' and Chuzik rivers). Late Eocene — Early 
Oligocene (?). Western Siberia: Taz peninsula, frequent to abundant 
(Srednaya Khadyta and En-Yakha rivers); Lower Ob area, lower part of 
Chegan suite, very rare to frequent (Malaya Sosva River; Malyi Atlym 
village); Middle Ob area, lower part of Chegan suite, common (basin of 
Parabel' and Chuzik rivers; Vasyugan River). Eocene — Early 
Oligocene (?). Western Siberia: basin of Tura River, a tributary of 
the Tobol (Tyumen; Luchinkino village); basin of Tavda River, a tributary 
of the Tobol (Kuznetsovo and Kamensko-Gusel'nikovo villages); Middle Ob 
area (basin of Vakh River; Lar'yak village). Early Oligocene (?). 
European part: Ukrainian SSR, Kharkov (?) suite, very rare (Kharkov 
Region, Staroverovka village); Western Siberia: Taz peninsula, frequent 
to common (Khabirutta and En-Yakha rivers); basin of Pelym River, 
Chegan suite, very rare (area of Burmantovo village). 

General distribution: Found in the USSR only. 
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Note: This form has been assigned by us to a separate variety 
characterized by a number of morphological traits as well as by being 
associated mainly with the Chegan suite, while the type variety becomes 
abundant already in the Lyulimvor and Irbit suites. 


14. Dictyocha deflandrei Freng. 

Basal ring is square, rhombic, circular or oval with 2 or 4 radial horns, 
Short, straight lateral rods (4) arise from inner margin of basal ring from 
middle of its sides and join the apical rod, which is wide and usually square. 
Basal windows are more or less similar. Supporting spines are situated 
directly below the lateral rods. Skeleton is smooth or dentate. Poly- 
morphic species. 


Var. deflandrei (Plate XII, 13, 16; Plate XXXII, 4). 

D. deflandrei Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 
2, secc. Paleontol. 7, Figure 14a, d. 

Basal ring is square with almost straight sides, 18—25 yu long, and 
uniform radial horns, 6—15y long. Apical bar is almost square and flat, 
its inner canal ends in lateral rods. 

Distribution in the USSR: Early Eocene. European part: Volga 
area, very rare to rare (Ul'yanovsk Region, Sengilei, Granoe Ukho quarry; 
Sharlovo village; Akhmetlei village); Western Siberia: eastern slope of 
the Urals, Alapaevsk area, Serov suite, rare. 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur islands. Late Eocene or Early Oligo- 
cene. Australia (Oamaru, New Zealand). 


Var. completa Gleser. 

Skeleton is hollow throughout; basal rods are 9—20y long. Radial 
horns are more or less uniform, 3.6—17yu long, or the 2 opposite horns 
are more than twice the length of the other pair. 

Note: Differs from the type variety in possessing a cavity in all the 
apical apparatus. 


F. completa (Plate XII, 14, 15). 

Dictyocha frenguellii var. completa Gleser, Glezer (1964), 
Novosti sist. nizsh. rast.,.p. 56, Table 2, Figures 1, 2. — D, fibula 
Ehr. forma Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, Figures 35, 
37. —D. staurodon Ehr. sensu Cleve-Euler and Hessland (1948), 
Bull. Geol. Inst. Univ. Upsala, 32, p. 79, Table 16, Figure 77, a,b; in: 
Stratigrafiya mezozoya..., 1957, Table 135, Figure 7, Table 140, 
Figure 15. 

Basal rods are 9—20y long. Radial horns are more or less uniform, 
3.6—17 yu long. 

Distribution in the USSR: Eocene. European part: Volga area 
(Kuznetsk). Late Eocene. Western Siberia: Taz peninsula, rare 
(Srednaya Khadyta River, Gulf of Ob coast); Pechal'-Ky River, a right 
tributary of the Taz, very rare; Lower Ob area, Lyulimvor suite, rare 
(Malyi Atlym village); eastern slope of the Urals, Irbit suite, very rare 
to abundant (Ivdel' area); Middle Ob area, Lyulimvor suite, rare to 
frequent (basin of Parabel' and Chuzik rivers; Vasyugan River). Late 
Eocene — Early Oligocene (?). Western Siberia: Taz peninsula, 
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very rare (Srednaya Khadyta and En-Yakha rivers); Lower Ob area, lower 
part of Chegan suite, very rare to rare (Malaya Sosva River, Malyi Atlym 
village); eastern slope of the Urals, lower part of Chegan suite, common 
(Ivdel' area); Middle Ob area, lower part of Chegan suite, frequent to 
abundant (basin of Parabel' and Chuzik rivers; Vasyugan River). Eocene— 
Early Oligocene (?). Western Siberia: basin of Tura River, a 
tributary of the Tobol (Tyumen, Luchinkino village); basin of Tavda River, 
a tributary of the Tobol (villages of Kuznetsovo and Kamensko-Gusel'ni- 
kovo); Middle Ob area (basin of Vakh River, Lar'yak village). Early 
Oligocene (?). Western Siberia: Taz peninsula, Khabirutta River, 
very rare. 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Fuur Island). Eocene. Western Europe (Sweden, Bay of 
Ahus). 

Note: Resembles Dictyocha frenguellii var. carentis Gleser 
in the contours of the basal ring, arrangement of the supporting spines and 
size of the skeleton, but differs in possessing short, straight lateral rods 
and a relatively low skeleton. 

Occasionally skeletons are encountered with a fairly thin, elongated 
apical rod as in D. fibula Ehr. var. fibula. These forms differ, 
however, from the latter variety in having supporting spines in the middle 
of the basal rods, almost uniform basal windows and more circular 
contours. 

The specimens from the Paleogene of Western Siberia correspond to 
those described by Deflandre (l.c.) from the Eocene of Fuur Island and 
Kuznetsk. This form resembles D. staurodon Ehr. (Ehrenberg, 1854, 
Microgeol., Table 18, Figure 58) in the presence of a widened, square 
apical rod, but differs in not having an accessory spine and in the arrange- 
ment of the supporting spines. 


F. producta Gleser (Plate XII, 17—19). 

Glezer (1964), Novosti sist. nizsh. rast., p. 56, Table 2, Figures 3, 
4. —D. fibula f. rhombica Schulz sensu Deflandre (1932), Bull. Soc. 
fr. Microsc., 1, 1, Figure 40. 

Basal rods are 9—12 yu long. Two opposite horns, 4.5—15 yu long, are 
more than twice the length of the other pair, which are not more than Soi 
long. 

Distribution inthe USSR. Late Eocene. Western Siberia: Lower 
Ob area, Lyulimvor suite, very rare (Malyi Atlym village); eastern slope 
of the Urals, Irbit suite, very rare to rare (Ivdel' area); Middle Ob area, 
Lyulimvor suite, frequent (basin of Parabel' and Chuzik rivers). Late 
Eocene — Early Oligocene (?). Western Siberia: Taz peninsula, 
En-Yakha River, common; Lower Ob area, lower part of Chegan suite, 
rare to frequent (Malaya Sosva River, Malyi Atlym village); eastern slope 
of the Urals, lower part of Chegan suite, very rare to frequent (Ivdel' 
area); Middle Ob area, lower part of Chegan suite, common to abundant 
(basin of Parabel' and Chuzik rivers; Vasyugan River). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Fuur Island). 

Note: Differs from the type form in the unequal radial horns. Some 
specimens from Western Siberia are analogous to the form from the 
Eocene of Fuur Island, Denmark (Deflandre, l.c.). 
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Var. bicornuta Gleser (Plate XII, 20—23). 

Glezer (1964), Novosti sist. nizsh. rast., p. 56, Table 2, Figure 5. — 
(?) D. fibula f. rotundata Schulz (1928), Bot. Arch. 21, 2, p. 255, 
Figure 42; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 
p. 55, Figure 45. 

Basal ring is circular or oval, 9—16yu in diameter, with 2 relatively 
developed radial horns, 1—18 wu long. 

Distribution in the USSR: Eocene. European part: Volga area, 
Kuznetsk. Late Eocene. Western Siberia: eastern slope of the 
Urals, Irbit suite, very rare (Ivdel' area); Middle Ob area, Lyulimvor 
suite, very rare (basin of Parabel' and Chuzik rivers). Late Eocene — 
Early Oligocene (?). Western Siberia: Taz peninsula, En-Yakha 
River, frequent; eastern slope of the Urals, lower part of Chegan suite, 
abundant (Ivdel' area) Middle Ob area, lower part of Chegan suite, rare to 
common (basin of Parabel' and Chuzik rivers; Vasyugan River). 

General distribution: Found in the USSR only. 

Note: Resembles D. deflandrei var. completa Gleser, but differs 
in having only two radial horns and in the contours of the basal ring. The. 
two forms are connected through D. deflandrei var. completa f. 
producta Gleser. Superficially, the described variety slightly re- 
sembles D. transitoria Defl., but differs from it in the structure of 
the apical apparatus and arrangement of supporting spines. Skeletons of 
some specimens have contours reminiscent of D. fibula f. rotundata 
Schulz from Kuznetsk (Schulz, 1928, p. 255, Figure 42), but the drawing 
of the latter is too schematic to draw any conclusion on their identity; 
however, the Siberian form is smaller. 


15. Dictyocha obliqua Gleser (Plate XIII, 1—5). 

Glezer (1964), Novosti sist. nizsh. rast., p. 57, Table 2, Figure 10. 

Basal ring is a more or less regular rectangle with two straight, 
longer sides, 18—254y long, and two straight or concave, shorter sides, 
8—12yu long. Radial horns are unequal: the longer ones are 8—20 yu, 
the shorter ones 1.8u. The straight, relatively short lateral rods arise 
from the inner margin of the middle of the basal rods and join the apical 
rod, which is wide, quadrangular with concave sides and drawn out along 
the larger or smaller axis of the skeleton. Basal windows are dissimilar. 
Supporting spines lie below the lateral rods. Skeletal walls are clearly 
dentate. 

Distribution in the USSR: Late Eocene — Early Oligocene (?). 
Western Siberia: Lower Ob area, lower part of Chegan suite, rare 
(Malaya Sosva River); eastern slope of the Urals, lower part of Chegan 
suite, very rare to frequent (Ivdel' area). Early Oligocene (?). 
Western Siberia: Taz peninsula, Khabirutta River, very rare. 

General distribution: Found in the USSR only. 

Note: Resembles D. deflandrei Freng. s. l. in the structure of the 
apical apparatus and arrangement of supporting spines, but differs in 
having a more or less rectangular basal ring. 


16. Dictyocha fibula Ehr. 

Basal ring is tetragonal or pentagonal with relatively developed radial 
horns. The usually straight or slightly curved 4—5 lateral rods are 
connected by one or two apical rods. Basal windows are dissimilar. 
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Supporting spines are placed, as a rule, to the side of the lateral rods. 

Accessory spines sometimes present not only on the lateral and apical 

rods, but also on basal rods. Skeletal walls are smooth or dentate. 

Skeleton is hollow. Basal and apical rods are almost always equal in width. 
A polymorphic species. 


Var. fibula. 

Basal ring is square or rhombic with developed radial horns. Supporting 
spines are located below or to the side of the lateral rods. Accessory spines 
are absent. 


F. fibula (Plate XIII, 6—9; Plate XIV, 1—9; Figure 22). 

D. fibula Ehrenberg (1839), Abhandl. Kénig. Akad. Wiss. Berlin, 
p. 149; Ehrenberg (1841), Abhandl. Kénig. Akad. Wiss. Berlin, Table14, 
Figure 14; Ehrenberg (1854), Mikrogeol., Table 18, Figure 54a—c, 
Table 20, Figure 45, Table 21, Figure 42a,b, Table 22, Figure 42 a—c; 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, p. 260, Table 20, 
Figure 24; Lemmermann (1903), Nord. Plankton, 2, Lief. 2, p. 27, 
Figure 92; Lemmermann (1908), Nord. Plankton, 8, Lief. 21, p. 27, 
Figure 92; Gaponov (1915), Ezhegodn. geol. i mineral. Rossii, 17, 1—3, 
p. 40, Table 3, Figure 27; Schulz (1928), Bot. Arch. 21, 2, p. 252; 
Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 47, 
Figure 39a; Gemeinhardt (1931), Deutsche Siidpolar-Exp. 20, p. 235, 
Table 42, Figure 8; Gemeinhardt (1934), Wiss. Ergebn. deutsch. Atlant. 
Exp. ''Meteor,'' 12, 1, 3, p. 279, Table 7, Figures 1,2; Marshall (1934), 
Sci. Rept. Great Barrier Reef Exp., 4, 15, p. 623—664, Figures 3, 4; 
Frenguelli (1935), Ann. Mus. Argentino Cienc. Natur. 28, Table 1, 
Figure 13, Table 2, Figure 1; Frenguelli (1940), Revista Mus. La Plata, 
Nuev. ser., 2, Secc. Paleontol. 7, Figure 1f; Deflandre (1950), Micro- 
scopie, 2, Figures 4, 5; Gail (1950), Izvestiya TINRO, 33, Table 1, 
Figure 8; Cheremisinova (1957), Byull. Komiss. po izuch. chetvert. 
perioda, 21, Table 3, Figure 1; Proshkina-Lavrenko (1959), Tr. BIN AN 
SSSR, seriya 2, Spor. rast. 12, p. 152, Table 1, Figures 4—6; Glezer 
(1960), Inform. sb. VSEGEI, 35, Table 3, Figure 13. — D. fibula var. 
aspera Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 260, 
Table 10,- Figures 27,.28s) Schulz. (1928), Bot... Arch. 21; 2; p. 253, 
Figure 36. — D. fibula f. aspera (Lemm.), Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 49, Figure 39b; Deflandre 
(1932), Bull.Soc. fr. Microsc., 1, 1, Figure 33. — D. fibula var. 
brevispina Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 260; 
Schulz (1928), Bot. Arch. 21, 2, p. 254. — D. fibula var. longispina 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 260, Table 10, 
Figure 26; Lemmermann (1903), Nord. Plankton, 2, Lief. 2, p. 28, 
Figure 93; Lemmermann (1908), Nord. Plankton, 8, Lief. 21, p. 28, 
Figure 93; Schulz (1928), Bot. Arch. 21, 2, p. 253; Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 51; Gail (1950), Izvestiya 
TINRO, 33, Table 1, Figure 7. — D. epiodon Ehrenberg (1844), Ber. 
Verhandl. Kénig. Akad. Wiss., p. 79; Ehrenberg (1854), Mikrogeol., 
Table 18, Figure 55. — D. speculum f. pseudofibula Frenguelli 
(1940), Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 7, 
Figure lb. — D. schauinslandii (Lemm.) Frenguelli, Ibid., Figure 2a,b. 
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Basal ring is square or rhombic with straight, slightly concave or 
convex sides, 10—30y long. Radial horns are almost uniform, 3—15yu 
long, or two are longer than the others. Supporting spines, as a rule, 
placed to the side of attachment of the lateral rods, and sometimes 
undeveloped. Lateral rods join terminally with one apical rod. Skeletal 
walls are smooth or dentate. 
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FIGURE 22. Distribution of Dictyocha fibula Ehr. var. fibula f. fibula in seas 
of the USSR 


Distribution in the USSR: White Sea, very rare; Black Sea, rare; 
Sea of Japan (Peter the Great Bay, isolated specimens; Petrov Island; 
Patrokl' Bay). FOSSILS. Eocene. European part: Volga area, 
Kuznetsk. Early Eocene. European part: Volga area, very rare 
(Ul'yanovsk Region, Sengilei, Granoe Ukho quarry). Middle (?) Eocene. 
Western Siberia: eastern slope of the Urals, Irbit suite, rare to frequent 
(Serov area). Late Eocene. Western Siberia: eastern slope of the Urals, 
Irbit suite, very rare to abundant (Ivdel' and Serov areas); Middle Ob area, 
Lyulimvor suite, frequent to abundant (basin of Parabel' and Chuzik rivers; 
Vasyugan river); Central Asia:: Aral-Caspian area, basin of Irgiz River, 
upper part of Tas-Aran suite, common (Uzen'-Kairakty River). Late 
Eocene — Early Oligocene (?). Western Siberia: Taz peninsula, 
En-Yakha River, common; Lower Ob area, upper part of Chegan suite, 
frequent to common (Malaya Sosva River; Malyi Atlym village); eastern 
slope of the Urals, Ivdel' area, lower part of Chegan suite, common to 
abundant; Middle Ob area, lower part of Chegan suite, frequent to abundant 
(basin of Parabel' and Chuzik rivers; Vasyugan River). Early Oligo- 
cene (?). European part: Ukrainian SSR, Kharkov suite (?), very rare 
(left bank of the Dnieper, north of Nizhne-Dneprovskii Uzel station; 
Kharkov Region, Staroverovka village); Western Siberia: basin of Pelym 
River, Chegan suite, very rare (area of Burmantovo village). Neogene. 
Far East: Kamchatka, Rekinniki Inlet, Kavran series, very rare; Sakhalin, 
northern coast of Shmidt peninsula, Diatom suite, rare to abundant (basin 
of Kongi and Tumi rivers; area of Kongi River and Lake Machigar); 
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western coast of Shmidt peninsula, Mayam-Raf suite, very rare to frequent; 
southern Sakhalin, Kosinai River, Maruyama suite, very rare. Quater- 
nary intermoraine deposits. European part: Ladoga-Ilmen area, 
very rare to very abundant (Ladoga area, Raukhiala, Lake Ladoga depres- 
sion, Luzhskaya Gulf; Mga station). 

General distribution: North, Baltic and Mediterranean seas; Atlantic 
Ocean. FOSSILS. Early Eocene. Western Europe (Denmark). 
Late Eocene. North America (California). Late Eocene or 
Early Oligocene. Australia (Oamaru, New Zealand). Aquitanian- 
Burdigalian stage. Southern Europe (Spain). Miocene. Southern 
Europe (Italy, Sicilty); Central Europe (Hungary); Asia (Nankoori, India; 
Sendai, Japan); Africa (Oran, Algeria). Middle — Late Miocene. 
North America (Santa Monica, California). Late Miocene. Asia 
(Honshu Island, Hokuriku area, Japan). Late Miocene — Early 
Pliocene. Asia (Japan: Honshu Island, Noto peninsula, Kanadzawa 
area). Neogene (?). North America (Poplain). South America (Peru). 

Note: In Eocene deposits of Western Siberia occur frequent forms with 
a regular square basal ring and lacking some supporting spines (Plate XIII, 
7). There are skeletons at the top of the Lyulimvor (Irbit) suite and the 
bottom of the Chegan suite in which not all the supporting spines are placed 
to the side of lateral rods, but lie directly below them (Plate XIII, 6,7). 

In forms from the Neogene of the Far East, the supporting spines are 
almost invariably placed to the side of the lateral rods. 


F. rhombica Schulz (Plate XV, 4, 5, 7,9). 

Schulz (1928), Bot. Arch. 2i, 2, p. 253, Figure 37; Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 50, Figure 40c. 

Differs from the type form in possessing a rhombic basal ring, towhose 
shorter axis the apical rod is aligned. 

Distribution inthe USSR: Early Eocene. European part: Volga 
area, very rare to frequent (Ul'yanovsk Region, Sengilei, Granoe Ukho 
quarry). Late Eocene. Central Asia: Aral-Caspian area, basin of 
Irgiz River, upper part of Tas-Aran suite, very rare (Uzen'-Kairakty 
River). Late Eocene — Early Oligocene (?). Western Siberia: 
eastern slope of the Urals, lower part of Chegan suite, very rare (Ivdel' 
area). Neogene. Far East: Sakhalin, Diatom suite, very rare (Kongi 
and Tumi rivers; Lake Machigar). 

General distribution: Neogene. Southern Europe (Italy). 


F. eocaenica Krotov (Plate XV, 6; Plate XXXII, 5). 

Krotov and Shibkova (1961), Mater. po geol. ipolezn. iskop. Urala, 9, 

Figures 4,15; Glezer (1960), Inform. sb. VSEGEI, 35, Table 2, Figure9.— 
D. fibula f. rhombica Schulz sensu Gemeinhardt (1930), Silicofl. 
In: Rabenhorst's Krypt.-Fl. 10, Figure 40a. —Corbisema apiculata 
f. dictioquidea Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 
2, Secc. Paleontel p71, Figurerd2}. -—)C.,triacantha f.i.dietioguidiea 
Frenguelli, Ibid., Figure 12c. 

Basal ring is quadrangular, often of irregular geometrical shape with 
almost straight or concave sides, 27—46 uw long, and with developed radial 
horns, 6.4—26y long. Supporting spines are relatively long and placed 
below the lateral rods. Skeletal walls are usually dentate. 
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Distribution in the USSR: Early Eocene. European part: Volga 
area, Kamyshin bed, very rare to frequent (Ul'yanovsk Region, Sengilei, 
Granoe Ukho quarry; Sharlovo village; Akhmetlei village); Western 
Siberia: eastern slope of the Urals, Serov suite, single to frequent 
(Ivdel', Serov, Verkhotur'e, Irbit, Alapaevsk, Kamyshlov, Ust'-Uiskoe 
areas); Lower Ob area, Lyulimvor suite, very rare (basin of Vogulka 
River, Berezovo area). Middle Eocene (?). Western Siberia: 
eastern slope of the Urals, Irbit suite, very rare (Ivdel' area). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors Island). 

Note: The forms encountered are analogous to the specimens from the 
Early Eocene of Denmark (Frenguelli, l.c.), but differ from the other 
varieties of D. fibula Ehr. in the position of the rodlike supporting spines, 
which lie directly below the lateral rods. In this respect, D. fibula f. 
eocaenica Krotov resembles D. triacantha Ehr. For this reason 
Frenguelli (1.c.), who attributes enormous importance to the position of 
the supporting spines, regards the specimens from the Eocene of Fuur 
Islandas Dictyocha-like forms of various species ofthe genus Corbisema 
Hanna. In skeletal morphology these forms are so similar to D. fibula 
Ehr. that it is probably justified to place them all in this species (Krotov 
and Shibkova, l.c.). According to Krotov, the main difference between 
D. fibula f. eocaenica Krotov and the type form is the larger size of 
the former's skeleton. It is possible that D. fibula f. eocaenica 
Krotov represents a link between D. fibula Ehr. and D. triacantha 
Ehr. 


Var. pentagona Schulz (Plate XV, 1—3). 

Schulz (1928), Bot. Arch. 21, 2, p. 255, Figure 4la,b; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 55, Figure 44; In: 
Stratigrafiya mezozoya..., 1957, Table 140, Figures 9, 14. — Diste- 
phanus variabilis Hanna (1931), Mining in Calif. 27, 2, Table E, 
Figure 4. 

Basal ring is pentagonal with straight or slightly convex sides, 8—204yu 
long, and more or less uniform radial horns, 3—8y long. There are 5 
lateral rods and 5 basal windows. 

Distribution in the USSR: Late Eocene. Western Siberia: Taz 
peninsula, very rare; eastern slope of the Urals, Irbit suite, very rare 
(Ivdel' area). Late Eocene — Early Oligocene (?). Western 
Siberia: Middle Ob area, lower part of Chegan suite, very rare. 
Eocene — Early Oligocene (?). Western Siberia: basin of Tura 
River, a tributary of the Tobol (Tyumen; Luchinkino); basin of Tavda 
River, a tributary of the Tobol (villages of Kuznetsovo and Kamensko- 
Gusel'nikovo); Middle Ob area. Neogene. Far East: Kamchatka, 
Kavran series, very rare (Rekinniki inlet); Kurile Islands, very rare; 
Sakhalin (northern coast of Shmidt peninsula, Diatom suite, very rare; 
basin of Kongi and Tumi rivers; eastern coast of Shmidt peninsula, 
frequent; western coast of Shmidt peninsula, Mayam-Raf suite, very rare 
to frequent). 

General distribution: Late Eocene or Early Oligocene (?). 
North America (California, Krayenhagen formation). Quaternary 
interglacial deposits. Western Europe (Frisches Haff [Vistula 
Lagoon]). 
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Note: Differs from the type variety in possessing a pentagonal basal 
ring. The specimens from the Eocene of Western Siberia are analogous 
to the form described from the Early Eocene of Mors Island, Denmark 
(Schulz, l.c., Figure 41a). The specimens from the Neogene of the Far 
East are smaller (length of side of basal ring, 8—10yu) and have a thinner 
skeleton. 


Var. aculeata Lemm. (Plate XV, 10; Figure 23, 1). 

Lemmermann (1901), Ber. Dtsch. bot.Ges. 19, 1, p. 261, Table 11, 
Figures 1—2; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 
p. 55, Figures 43a,b; Gemeinhardt (1931), Deutsche Sudpolar-Exp. 20, 

p. 237, Table 42, Figures 13,14; Gemeinhardt (1934), Wiss. Ergebn. 
deutsch. Atlant. Exp. ''Meteor,'' 12, 1, 3, p. 291, Figures 123, 124, 
Table 7, Figures 10—12. 

Basal ring is almost square with slightly convex sides, 19—23 uw long, 
and almost uniform radial horns, 7—9 yu long. One accessory spine is 
present in the middle of each basal, lateral and apical rod. 

Distribution in the USSR: Pacific Ocean near the south coast of 
Kamchatka, Recent bottom deposits; Bering Sea, Sea of Okhotsk. 

General distribution: Atlantic Ocean in the region of warm currents 
and in the equatorial zone. 

Note: The form encountered off the south coast of Kamchatka resembles 
the specimen from the South Equatorial current as illustrated in Gemein- 
hardt (1930, Figure 10a), although it is smaller. 
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FIGURE 23. Distribution of Dictyocha fibula Ehr. var. aculeata Lemm. and var. 
messanensis (Hack.) Lemm. in seas of the USSR; 


iL—varz aculeata:.2 vara Messanensi's: 


Var. messanensis (Hack.) Lemm. (Plate XV, 8; Figure 23, 2). 

Lemmermann (1901), Ber. Dtsch. bot.Ges. 19, p. 261; Lemmermann 
(1903), Nord. Plankton, 2, Lief, 2, Figure 94; Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 51, Figure 4la; Gemeinhardt 
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(1931), Deutsch. Sidpolar-Exp. 20, p. 237, Table 42, Figures 9, 10; 
Gemeinhardt (1934), Wiss. Ergebn. deutsch. Atlant. Exp. ''Meteor,"' 12, 
1, p. 290, Figure 121, Table 7, Figures 3—6. — D..messanensis 
Hackel (1862), Die Radiolarien, p. 272, Table 12, Figures 3—6. 

Skeleton is quadripartite; the basal ring is almost square with almost 
straight sides, 18—35yu long. Apical rod bears accessory spine. 

Distribution in the USSR: Pacific Ocean near the coast of Kamchatka, 
Recent bottom deposits, very rare. 

General distribution: Adriatic Sea, Atlantic and Pacific oceans. 


Dictyocha aff. fibula var. rhombus (Hack.) Lemm. (Plate IX, 3). 

Basal ring is rhombic with almost straight or slightly convex sides, 
12—154yu long, and two longer radial horns, 16—224y long, situated on 
longer axis of the skeleton, and two shorter radial horns, 8—10 yu long. 
Apical rod is aligned at a certain angle along longer axis of the skeleton. 
No supporting spines. Skeletal walls are dentate. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, basin of Irgiz River, upper part of Tas- Aran suite, common 
(Uzen'-Kairakty River). 

Note: Their rhombic basal ring, the position of the apical rod and the 
long radial horns along the greater skeletal axis make the Turgai specimens 
resemble D. fibula var. rhombus (Hack.) Lemm., described by 
Schulz (1928, p. 254, Figure 38b) from the Neogene of Hungary; but it 
differs in the position of the apical rod (lying somewhat at an angle to 
the diagonal), the absence of supporting spines and a dentate skeleton. 


17. Dictyocha ausonia Defl. (Plate IX, 1). 

Deflandre (1950), Microscopie, 2, p. 67, Figures 194— 202. 

Almost square basal ring is composed of 4 convex basal rods, 11 4y long. 
Radial horns are dissimilar: one is straight and 7 yu long, the other curved 
and 10 wu long (the other two were not preserved). Lateral rods are very 
short, marking off 2 very small, round basal windows. Two other basal 
windows combine into almost regular oval, which is divided in two by the 
apical rod. No supporting spines. Skeleton is smooth. 

Distribution in the USSR: Neogene. Far East: Sakhalin, Mayam- Raf 
suite, very rare (western coast of Shmidt peninsula). 

General distribution: Miocene. Southern Europe (Italy: Bergonzano, 
Casatico, Marmorito, Caltanissetta, Condro). 

Note: The specimens found in the Neogene of Sakhalin are most similar 
to that from the Miocene of Marmorito, Italy (Deflandre, l.c., Figure 200), 
but differ in their smaller size and longer radial horns. 


Genus 5. Corbisema Hanna 


Hanna (1928), J. Paleontol. 1, 4, p. 261. 

Basal ring is triangular, rarely quadrangular. Radial horns are usually 
not developed, rarely rudimentary. Lateral rods equal in number the basal 
rods. The junction of the lateral rods is marked by widened, continuous or 
perforated apical plate. Supporting spines usually are situated on lateral 
rods near the apical plate. 
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Type: Corbisema geometrica Hanna. 

Extinct marine genus. 

Note: The genus Corbisema Hanna, very closely related to Dictyo- 
cha Ehr., was established by Hanna (1928) on the basis of its only species, 
C. geometrica Hanna, found in the Cretaceous of California. He notes 
that the new genus differs from Dictyocha Ehr. in possessing a widened 
plate in the apical apparatus. Hanna wrote, however, that along with typical 
specimens occur rare skeletons lacking widened lateral rods, which he 
regarded as abnormal. At the same time Schulz (1928) encountered forms 
with widened apical plates in Cretaceous deposits of Poland, which he 
classified in the group of forms of Dictyocha triacantha Ehr. 
Summarizing the available information, Gemeinhardt (1930) concluded 
that the genus Corbisema Hanna is superfluous. 

Later it appears that Hanna expanded the definition of this genus; 
according to legends to figures in an article (Hanna, 1931, Table D, 

Figure 1), he placed forms in Corbisema which were earlier deter- 
mined as Dictyocha triacantha Ehr. No systematical section is 
in this work. 

The genus Corbisema occupies the first place in the latest classifi- 
cation of silicoflagellates published by Deflandre (1950). 

Following the suggestion of Frenguelli (1940), Deflandre places in 
Corbisema Hanna all the forms in which supporting spines lie directly 
below the lateral rods. Deflandre notes, however, that the supporting 
spines often do not develop; in such a case the affiliation of the form to 
Dictyocha Ehr. or Corbisema Hanna depends only upon the features 
of similarity to species of the two genera. Deflandre thinks that the genus 
Corbisema Hanna should include all the Cretaceous forms with a 
triangular basal ring. Analysis of the species placed by Deflandre (1950) 
in} Corbis’ema Hanna (Cetriacantha (Ehr.) Defl.; Cs quadralta 
(Hanna) Defl., C, ruestii Defl., C. spinosa Defl., C. bimucronata 
Defl.) shows that not all of them fulfill the criteria established by Frenguelli 
and Deflandre for this genus. 

A comparison of the type species of Corbisema Hanna — C. geo- 
metrica Hanna, studied in detail by Deflandre (1950, p. 53, Figures 134— 
139) from material from the Cretaceous of California — with other species 
of the family Dictyochaceae reveals a difference, apparently of major 
importance. This is, that the supporting spines of C. geometrica 
Hanna usually lie on the lateral rods at the corners of the apical widening, 
while in the other genera they are invariably situated on the basal ring. 

Not having directly studied the skeleton of Corbisema geometrica 
Hanna, we rely onthe publications in giving this species as the only member 
of the genus Corbisema Hanna. 


1. Corbisema geometrica Hanna (Plate IX, 7). 

Hanna (1928), J. Paleontol. 1, 4, p. 261, Table 41, Figures 1, 2; 
Deflandre (1950), Microscopie, 2, p. 53, Figures 134—139. 

Basal ring is triangular, rarely quadrangular, with more or less 
convex sides, slightly concave in center, measuring 49— 86 uw with bluntly 
rounded corners. Radial horns usually are absent, sometimes barely 
visible. The junction of lateral rods with the apical plate is marked with 
fairly short supporting spines. 
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Distribution inthe USSR: Santonian-Campanian. Western 
Siberia: eastern slope of the Urals, Synya River, very rare. 

General distribution: Maestrichtian. North America (California, 
Moreno shales). 

Note: The only known occurrence of this species in the USSR was 
reported by N.I. Strel'nikova, who found isolated skeletons in the Upper 
Cretaceous deposits of Synya River in the Polar Urals. The fossils 
described as C. geometrica Hanna from the Upper Cretaceous of the 
eastern slope of the Urals (Zhuze, 1951; Krotov, 1957a,b) actually belong 
to Dictyocha archangelskiana (Schulz) Gleser. 


Genus 6. Naviculopsis Freng. 


Frenguelli (1940), Revista Mus. La Plata, Nuev. Ser., 2, Secc. 
Paleontol., 7, p. 69; Deflandre (1950), Microscopie, 2, p. 47. 

Basal ring is bilaterally symmetrical, boat-shaped, with two usually 
well-developed radial horns on the poles. The sides of the basal ring are 
more or less widened and flattened in the middle. The apical apparatus 
consists of a single rod dividing the skeleton into two equal halves; there 
are two basal windows. Supporting spines always are absent. 

Type: Dictyocha navicula var. biapiculata Lemm. 

Extinct marine genus. 

Note: The genus Naviculopsis was established by Frenguelli (1940) 
from the genus Dictyocha Ehr.* According to Frenguelli, the most 
characteristic sign of the new genus is the flattening of the middle part of 
the lateral sides of the basal ring, while the form of the basal ring is of 
minor importance since both triangular and quadrangular skeletons occur 
in addition to the predominating boat-shaped type. Frenguelli chose 
Dictyocha biapiculata (Lemm.) Defl. as type form of the genus. 
Deflandre (1941) wrote that the definition of Naviculopsis is super- 
fluous and that it is a pseudogenus of polyphyletic origin since forms with 
a navicular skeleton occur in many species of Dictyocha Ehr. This 
is according to Deflandre's viewpoint that the form of the basal ring is a 
major taxonomic feature and that the presence of flattened areas on the 
basal rods is a secondary one. In spite of a number of critical remarks, 
Deflandre includes the genus Naviculopsis Freng. in his treatment of 
the silicoflagellates (Deflandre, 1950). On the other hand, some species 
placed by Deflandre in the Naviculopsis Freng. (N. navicula (Ehr.) 
Defl., N. iberica Defl.) do not conform entirely to Frenguelli's diagnosis 
of the genus. 

An analysis of the publications and our own observations led to the 
conclusion that the genus Naviculopsis Freng. includes only forms 
possessing a navicular basal ring and flattened areas on the basal rods. 
On the basis of these criteria one can establish not only the monophyletic 
origin of the genus, but also the phylogenetic affinities and evolution of 
its species. 
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* Already in 1931 Hanna, studying fossil material from the Paleogene of California, exposed the doubtful 
affiliation of Dictyocha biapiculata (Lemm.) Defl. to the genus Dictyocha Ehr. 
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Key to the Species of the Genus Naviculopsis 


I. Basal ring elongated-hexagonal. .........2.4... N. robusta 1. 
II. Basal ring oval. 
1. Apical rod bears accessory spine similar in structure tothe radial 


BOLT). 289%) PSce PA. Arete .s LAE Destine ers. N. trispinosa 4. 
2. No accessory spine on apical rod. 

A. Small flattened areas on poles of basal ring . .N. foliacea 3. 

B. Poles of basal ring lack flattened areas... N. biapiculata 2. 


1. Naviculopsis robusta Defl. (Plate XVI, 1; Plate XXXIII, 3—6). 

Deflandre (1950), Microscopie, 2, p. 74, Figures 227—230; Glezer 
(1960), Inform. sb. VSEGEI, 35, Table 2, Figure 8. — Dictyocha 
biapiculata f. eocaenica Krotov. Krotov and Shibkova (1961), 
Mater. po geol. i polezn. iskop. Urala, 9, Figures 4, 17. 

Basal ring is elongated, more or less hexagonal with rounded corners, 
36—48 yu long, 24—35yu wide; the lateral sides are straight or slightly 
concave centrally, 16—32 yu long, while the other sides are straight or 
slightly convex, 20—36 yu long. Radial horns are coarse, well developed 
and more or less uniform, 11—22u long. The skeleton is entirely tubular 
except for small flat triangular areas between the basal and apical rods; 
it is smooth or distinctly dentate. 

Distribution in the USSR: Early Eocene. European part: Volga 
area, rare (Ul'yanovsk Region, Sengilei; Sharlovo village); Western 
Siberia: eastern slope of the Urals, Serov suite, very rare to rare (Ivdel', 
Serov, Verkhotur'e, Alapaevsk, Irbit, Kamyshlov, Kamensk-Uralski, 
Ust'-Uiskoe and Yetkul areas); Lower Ob area, lower part of Lyulimvor 
suite, very rare to rare (basin of Vogulka River, Berezovo area). 
Middle Eocene. Western Siberia: eastern slope of the Urals, Irbit 
suite, very rare (Serov area). 

General distribution: Found in the USSR only. 


2. Naviculopsis biapiculata (Lemm.) Freng. 

Basal ring is almost oval, sometimes slightly concave centrally, and 
passes gradually at the poles into well developed radial horns. Lateral 
basal rods are considerably flattened and bend upwards at margins to 
narrow and merge with the apical rod or plate. 

Note: This species was first established by Lemmermann (1901b) 
as a variety of Dictyocha navicula Ehr. on the basis of fossil 
material from the Paleogene of Denmark and Volga area and the Neogene 
of Yugoslavia. According to Lemmermann, the only distinction of the new 
variety is the presence of two radial horns. In a more detailed description 
of Dictyocha navicula var. biapiculata Lemm., Schulz (1928) 
points out that not all parts of the skeleton are hollow; cavities appear only 
in the radial horns, the ends of the basal ring and in the transverse rod, 
while the long sides of the basal ring are massive and are filled secondarily 
with siliceous matter. Deflandre (1932b) assumed that this form represents 
species separate from D. navicula Ehr., while Frenguelli (1940) placed 
it as type form in his new genus Naviculopsis Freng. 

A polymorphic species. 
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Var. biapiculata (Plate XVI, 2—5). 

Glezer (1960), Inform. sb. VSEGEI, 35, Table 3, Figure 16. — N. 
biapiculata Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 2, 
sece,, Paleontol. 7, Figure lic,d. — Dictyocha biapaewiaita 
Deflandre (1932), Bull. Soc. bot. Fr., 79, p. 500. — D. navicula var. 
biapiculata Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 258, 
Table 10, Figures 14—15; Schulz (1928), Bot. Arch. 21, 2, p. 244, 
Figure 18a, b; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-FIl. 
10, p. 36, Figure 24a; Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, 
Figures 15—17. — D. (?) biapiculata Hanna (1931), Mining in Calif. 27, 
2, Table D, Figure 5. — D. navicula var. biapiculata f:-aspera 
Schulz (1928), Bot. Arch. 21, 2, p. 246, Figures 2a, b. 

Basal ring is 28—100y long, 14—28y wide. Radial horns are 13.5— 
52 u long. Apical rod is usually hollow, rarely solid, and as wide as the 
tubular part of the basal ring. 

Distribution in the USSR: Eocene. European part: Volga area 
(Kuznetsk). Early Eocene. Europeanpart: Volga area, very rare 
(Ul'yanovsk Region, Sengilei, Granoe Ukho quarry); Western Siberia: 
eastern slope of the Urals, Serov suite, very rare (Ivdel' and Alapaevsk 
areas); Lower Ob area, lower part of Lyulimvor suite, very rare (basin 
of Vogulka River, Berezovo area). Middle (?) Eocene. Western 
Siberia: Taz peninsula, very rare to common (Arka-Tab-Yakha, Khadutte 
and Srednaya Khadyta rivers; interfluve of Upper and Srednaya Khadyta 
rivers; right bank of En-Yakha River); eastern slope of the Urals, Irbit 
suite, very rare (Ivdel' and Serov areas); Lower Ob area, Lyulimvor suite, 
very rare (Sherkaly village). Late Eocene. Central Asia: Aral- 
Caspian area, Tas-Aran suite, very rare (Tumalykol' village); Western 
Siberia: Taz peninsula, very rare to rare (En-Yakha, Arka-Tab-Yakha 
and Srednaya Khadyta rivers; coast of the Ob Gulf); Lower Ob area, 
Lyulimvor suite, very rare to common (villages of Sherkaly and Malyi 
Atlym); basin of the Pechal'-Ky, a right tributary of the Taz River, very 
rare to frequent; eastern slope of the Urals, Irbit suite, very rare to 
abundant (Ivdel' and Serov areas); Middle Ob area, Lyulimvor suite, 
common to abundant (basins of Parabel' and Chuzik rivers; Vasyugan 
River). Late Eocene — Early Oligocene (?). Western Siberia: 
Taz peninsula, frequent (En-Yakha River); eastern slope of the Urals, 
lower part of Chegan suite, rare to common (Ivdel' area); Lower Ob area, 
lower part of Chegan suite, very rare to frequent (Malaya Sosva River, 
Malyi Atlym village); Middle Ob area, lower part of Chegan suite, 
abundant (basin of Parabel' and Chuzik rivers; Vasyugan River). Early 
Oligocene (?). Western Siberia: Taz peninsula, very rare; European 
part: Ukrainian SSR, Kharkov (?) suite, very rare. 

General distribution: Early Eocene. Western Europe (Denmark, 
Mors and Fuur islands; German Democratic Republic, Greifswalder Oie). 
Late Eocene or Early Oligocene. North America (California, 
Krayenhagen formation); Australia (Oamaru, New Zealand, very rare). 

Note: The occurrence of this form in the Sarmatian of Dolje, Yugoslavia 
(Lemmermann, 1901b) was not confirmed by other authors. 


Var. minor (Schulz) Gleser (Plate XVI, 6—8, Plate XVII, 1—3, 6). 


Glezer (1960), Inform. sb. VSEGEI, 35, Table 3, Figures 14, 15. — 
Naviculopsis minor (Schulz) Frenguelli (1940), Revista Mus. 
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La Plate, Nuev. ser., 2, Secc. Paleontol. 7, Figure 1li. — Dictyocha 
navicula var. minor Schulz (1928), Bot. Arch. 21, 2, p. 246, 

Figure 22. —D. navicula var. biapiculata f. minor Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 38, Figure 26; 
Deflandre (1932), Bull. Soc. fr. Microse., 1, 1, Figures 20—23. — D. 
navicula var. biapiculata Lemm. sensu Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, Figure 24b; Deflandre (1932), 
Bull. Soc. fr. Microsc., 1, 1, Figure 18; Cleve-Euler and Hessland 
(1948), Bull. Geol. Inst. Upsala, 32, p. 179, Table 16, Figure 76. — D. (?) 
biapiculata Hanna (1931), Mining in Calif. 27, 2, Table E, Figure 10; 
Clark and Campbell (1945), Geol. Soc. Amer. Memoir. 10, p. 58, Table5, 
Figure 8. — D. navicula var. trispinosa Schulz sensu, In: Strati- 
grafiya mezozoya..., 1957, Table 140, Figures 6, 7. 

Differs from the type form in possessing a smaller skeleton with a 
flattened apical rod whose width exceeds the diameter of tubular parts of 
the basal ring. Basal ring is 10—50u long, 7—14yu wide; radial horns are 
7—38y long, apical plate is up to 15y wide. 

Distribution in the USSR: Eocene. European part: Volga area 
(Kuznetsk). Early Eocene. European part: Volga area, very rare to 
frequent (Ul'yanovsk Region, Sengilei, Granoe Ukho quarry); Western 
Siberia: eastern slope of the Urals, Serov suite, very rare (Serov area). 
Middle (?) Eocene. Western Siberia: Taz peninsula, very rare to 
abundant (Arka-Tab-Yakha, Khadutte, Srednyaya Khadyta and En- Yakha 
rivers); eastern slope of the Urals, Irbit suite, rare (Serov area). Late 
Eocene. Western Siberia: Taz peninsula, very rare to common (Arka- 
Tab-Yakha, En-Yakha and Srednyaya Khadyta rivers; coast of Ob Gulf); 
basin of the Pechal'-Ky, a right tributary of Taz River, very rare to 
frequent; eastern slope of the Urals, Irbit suite, very rare to abundant 
(Ivdel' and Serov areas); Lower Ob area, Lyulimvor suite, very rare 
(Sherkaly village; Malyi Atlym village); Middle Ob area, Lyulimvor suite, 
very rare to abundant (basins of Parabel' and Chuzik rivers; Vasyugan 
River); Central Asia: Aral-Caspian area, Irgiz River, Tas-Aran suite, 
very rare to rare (Uzen'-Kairakty River; Tumalykol' village). Late 
Eocene — Early Oligocene (?). Western Siberia: Taz peninsula, 
very rare to abundant (Srednyaya Khadyta and En-Yakha rivers); eastern 
slope of the Urals, lower part of Chegan suite, abundant (Ivdel' area); 
Lower Ob area, lower part of Chegan suite, frequent to abundant (Malaya 
Sosva River; Malyi Atlym village); Middle Ob area, lower part of Chegan 
suite, abundant (basins of Parabel', Chuzik and Vasyugan rivers). 
Eocene — Early Oligocene (?). Western Siberia: basin of Tura 
River, a tributary of the Tobol (Tyumen, Luchinkino village); basin of 
Tavda River, a tributary of the Tobol (Kuznetsovo village; Kamensko- 
Gusel'nikovo village); Middle Ob area (Vakh River, Lar'yak village). 
Early Oligocene (?). European part: Kharkov and Dnepropetrovsk 
regions, Kharkov suite (?), very rare to frequent; Western Siberia: Taz 
peninsula, frequent to common (En-Yakha River); basin of Pelym River, 
Chegan suite, rare (area of Burmantovo village). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur islands). Eocene. Western Europe (Sweden, 
Bay of Ahus). Late Eocene or Early Oligocene. North America 
(California, Krayenhagen formation); Australia (Oamaru, New Zealand). 
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Note: This variety is extremely polymorphic. The Paleogene deposits 
of Western Siberia contain forms whose skeletal structure and dimensions 
are similar to those of the Kuznetsk specimens (Schulz, l.c.; Gemeinhardt, 
l.c.; Frenguelli, 1.c.) (Plate XVI, 8) described by Schulz (l.c.) asa 
variety of Dictyocha navicula Ehr. Gemeinhardt (1930) regards 
this variety as a form of D. navicula var. biapiculata Lemm. 
because of its similarity to the latter. Frenguelli (1940), who considers 
the size of the basal ring as a major criterion for species, regards the 
Kuznetsk form as a separate species. The forms of the Paleogene of 
Western Siberia are linked by gradual transitions to larger specimens 
which resemble the Oamaru (New Zealand) forms, determined by Gemein- 
hardt (l.c., Figure 24b) as D. navicula var. biapiculata Lemm. 
Analogous skeletons, found in marine Paleogene clays from Uzen'- 
Kairakty River, a tributary of the Irgiz, show such a gradual transition to 
forms analogous to the specimens from the Krayenhagen formation of 
California (Hanna, l.c.; Clark and Campbell, l.c.) that differentiation is 
impossible. Deflandre (1950, p. 76) places the Californian forms in his 
new species, Naviculopsis foliacea Defl. 

Comparison with specimens from Barbados Island (Plate XVII, 5) 
and with the original drawings by Deflandre (l.c., Figures 235 — 240) 
shows that in spite of the similarity in the structure of the basal ring 
and apical rod, the Turgai and Californian forms differ in not having 
flattened areas on the poles of the basal ring. On this basis, it appears 
that the form occurring in the Paleogene of the Volga area, Western Siberia, 
Central Asia, California and New Zealand, possessing a relatively wide, 
bladelike apical rod, can be regarded as a variety of N. biapiculata 
(Lemm.) Freng., which it resembles in the basal ring structure. In 
accordance with the rules of international botanical terminology, this 
variety should be named var. minor, as proposed earlier by Schulz 
and Gemeinhardt. 


Var. constricta (Schulz) Gleser comb. nov. (Plate XVII, 4). 

Dictyocha navicula var. biapiculata f. constricta Schulz 
(1928), Bot. Arch. 21, 2; Gemeinhardt (1930), Silicofl. In: Rabenhorst's 
Krypt.-Fl. 10, p. 38, Figure 25; Deflandre (1932), Bull.Soc. fr. Microsc., 
1, 1, Figure 19. — Naviculopsis constricta Frenguelli (1940), 
Revista Mus. La Plata, Nuev, ser., 2, Secc. Paleontol. 7, Figures lla-b.— 
Dictyocha (?)biapiculata Lemm. sensu Clark and Campbell (1945), 
Mem. geol. Soc., 10, Table 5, Figure 6. 

Differs from var. minor (Schulz) Gleser in concavity of the middle of 
the lateral basal rods. 

Distribution in the USSR: Eocene. European part: Volga area 
(Kuznetsk). Late Eocene. Central Asia: Aral-Caspian area, basin 
of Irgiz River, upper part of Tas-Aran suite, very rare (right bank of 
Uzen'-Kairakty River). 

General distribution: Late Eocene or Early Oligocene. 
North America (California, Krayenhagen formation); Australia (Oamaru, 
New Zealand). 

Note: Forms encountered in the Late Eocene marine clays of the Tas- 
Aran suite of the Uzen'-Kairakty, a tributary of the Irgiz River, are 
closely related to those from the Krayenhagen formation of California 
as illustrated in Clark and Campbell (l.c. ). 
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Considering the morphological similarity of this form and Naviculop- 
sis biapiculata (Lemm.) Freng. and their occurrence together, we 
consider it correct to include it in the group of forms of N. biapiculata 
(Lemm.) Freng., as did Schulz (l.c.), Gemeinhardt (1.c. ) and Deflandre 
(l.c.), and do not regard it as a separate species, Naviculopsis 
constricta Frenguelli (l.c.). 


3. Naviculopsis foliacea Defl. (Plate XVII, 5). 

Deflandre (1950), Microscopie, 2, p. 76, Figures 235—240. 

Skeleton is almost entirely flattened. Basal ring is linear-elliptic, 
64—70yu long, 11—14y wide. Lateral sides are completely compressed, 
bladelike, and at the ends of the basal ring there is a clearly expressed, 
small flattening between thinning branches of the inner canal. Radial horns 
with a conspicuous inner canal are 22—26ylong. Apical rod is flat and 
very wide, 16—18u. 

Distribution in the USSR: Not found in the USSR. 

General distribution: Late Eocene — Early Miocene. South 
America (Lesser Antilles, Barbados Island). 

Note: Forms which we encountered in materials from Barbados Island 
are analogous to those illustrated by Deflandre (l.c.) from the same locality. 
Deflandre considers the characteristic signs of this species to be the 
presence of flat areas on the poles of the basal ring between branches of 
the inner canal. The Barbados specimens differ from the Californian 
forms from the Krayenhagen formation, determined by Hanna (1931, 

Table E, Figure 10) and Clark and Campbell (1945, Table 5, Figure 8) 

as Dictyocha (?) biapiculata Lemm. and by Deflandre (l.c.) as 
Naviculopsis foliacea Defl., in the presence of flat areas on the 
poles of the basal ring, although in general appearance these forms are 
very similar. Similar to the Californian specimens are forms encountered 
in the Late Eocene deposits of the Tas- Aran suite of Uzen'-Kairakty, a 
tributary of the Irgiz River, and in the Kharkov suite of Kharkov Region 
(Staroverovka village). 

We consider that only the form from Barbados Island should be placed 
in N. foliacea Defl. because it has not only flat lateral sides of the 
basal ring but also flat areas on the poles of the basal ring. 


4. Naviculopsis trispinosa (Schulz) Gleser comb. nov. (Plate XVII, 7). 

Dictyocha navicula var. trispinosa Schulz (1928), Bot. Arch. 
21, 2, p.246, Figures 23a, b; Gemeinhardt (1930), Silicofl. In: Raben- 
horst's Krypt.-Fl. 10, p. 40, Figure 27; Deflandre (1932), Bull. Soc. fr. 
Microsc., 1, 1, Figure 24; Frenguelli (1940), Revista Mus. La Plata, 
Nuev. ser., 2, Secc. Paleontol. 7, Figure lle. 

Skeleton is flattened except for the horns. Basal ring is oval, 23 yu long. 
Radial horns are 34y long. From the middle of the apical plate arises a 
3rd accessory horn, 27 yu long, slightly shorter than radial horns. 

Distribution in the USSR: Eocene. European part: Volga area 
(Kuznetsk). 

General distribution: Early Eocene. Western Europe (Denmark, 
Moler suite, Mors and Fuur islands; German Democratic Republic, 
Greifswalder Oie). Late Eocene or Early Oligocene. 

Australia (Oamaru, New Zealand). 
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Note: Resembles N. biapiculata (Lemm.) Freng. in the form of the 
basal ring and apical rod, but differs in possessing a completely flattened 
basal ring and a third horn arising from the apical plate. This form was 
described by Schulz (l.c.) as a variety of Dictyocha navicula Enhr. 
Its relationship with Naviculopsis biapiculata (Lemm.) Freng. 
was first established by Frenguelli (1.c.), who considered it as a three- 
horned form of this species. The marked morphological differences from 
the other species of Naviculopsis differentiate this form into an 
independent species. 


Genus. 7. Distephanus Stohr 


Stohr (1880), Paleontographica, 26, 4, p. 121; Hackel (1887), Voyage 
Challenger (Zool.), 18, 2, p. 1563. 

Basal ring has from 4 to 11 corners with more or less developed radial 
horns. Apical ring, smaller than basal ring, has one or several apical 
windows, sometimes with accessory spines. Lateral rods are developed. 
Basal windows are mor or less uniform and sharply outlined. Supporting 
spines are placed slightly to the side of junction of lateral rods with 
basal ring. 

Type: Dictyocha speculum Ehr. 

Living and extinct marine species. 

Note: The genus Distephanus was established by Stohr (1880, p. 121, 
Table 7, Figure 9) for double skeletons of Dictyocha speculum Ehr. 
from the Tortonian of Grotte, Sicily. Later Hackel (1887, p. 1563) applied 
this name to all the members of the subfamily Dictyochida with a skeleton 
like a ''truncated pyramid with a single row of openings and a simple 
apical ring.'' Hackel placed 13 species in this genus, some of which had 
been described earlier by Ehrenberg as members of Dictyocha Ehr. 
Hackel's diagnosis of the genus was adopted by Lemmermann (1901b), 
Schulz (1928), Gemeinhardt (1930), Deflandre (1932a, b), etc. Except for 
Lemmermann, all these workers regarded Hackel as the author of the 
genus. However, Schulz (1928) and Gemeinhardt (1930, 1931b) noted the 
presence of apical windows in some species of Distephanus. 

Discussing the variation of the skeleton, Deflandre (1932b) noted that 
different species of Distephanus show variations in which the apical 
apparatus is complex or reduced to a mere rod. The wide variation of the 
silicoflagellate skeleton led Deflandre (1936) to place a number of genera, 
including Distephanus, inone genus, Dictyocha Ehr. This concep- 
tion is reflected in the classification published by Deflandre (1950) and 
Frenguelli (1940) where the genus Distephanus Stohr is omitted. 

Among species of Distephanus Stohr there are forms with several 
apical windows or with secondarily simplified skeletons similar to those of 
Dictyocha Ehr., indicating, we believe, that the genus must be expanded 
in scope rather than abolished, and that Distephanus Stohr has a phylo- 
geny of its own, differing from that of other genera. 
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Key to Species of the Genus Distephanus 


I. Number of sides of basal ring equal to number of sides of apical ring. 
ie Pe CLebOn AUG IDaT Ete Ss eee ee dl oes ee ae oe Dering 2° 
2. Skeleton with greater number of elements. 
A. Apical ring equal to basal ring or slightly smaller ee 
PERS a ig CP i rene ts! eR eS ee, D. antiquus 1. 
B. Apical ring much smaller than basal ring. 
a. Skeleton with 5—7 sections ....... D. speculum 4. 
b. Skeleton with 8—11 sections....... D. octonarius 5. 
II. Sides of apical ring fewer than sides of basal ring. 
1. Basal ring hexagonal, rarely pentagonal or heptagonal ..... 3 
PPE OREO GS. Fa REPS RT Ey ed D. japonicus 6 . 
2. Basal ring octagonal, rarely nonagonal. .. .D. stauracanthus 3. 


1. Distephanus antiquus Gleser (Plate XVII, 8—11). 

Glezer (1964), Novosti sist. nizsh. rast., p. 57, Table 2, Figures 6— 
9. —Distephanus speculum (Ehr.) Hack. sensu Krotov and Shibkova 
(1961), Mater. po geol. i polezn. iskop. Urala, 9, Figures 6, 18. 

Basal ring is pentagonal to octagonal, 14—18yu in diameter, with 
straight, slightly concave or convex sides, 6—9u long. Radial horns are 
up to 6u long, often even not developed. Apical ring is 12— 16 wu in dia- 
meter, slightly smaller than basal ring. Lateral rods are almost perpen- 
dicular to planes of both rings. Supporting spines are absent. Skeleton 
is 13—15y high. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, Tas-Aran suite, common (Tumalykol'). Early Oligo- 
cene (?). Western Siberia: Taz peninsula, abundant (Khabirutta and 
En- Yakha rivers); basin of Pelym River, Chegan suite, abundant 
(Burmantovo village). 

General distribution: Found in the USSR only. 

Note: Resembles Distephanus speculum (Ehr.) Hack. in possess- 
ing pentagonal to octagonal basal and apical rings, but differs in smaller 
size, in relative size of the basal and apical rings, arrangement of the 
lateral rods and the absence of supporting spines. The nearly perpendicular 
lateral rods are reminiscent of Dictyocha frenguellii Defl., D. 
transitoria Defl. and D. rotundata Jousé, but it differs from these 
species in the general configuration of the skeleton. 

Pentagonal and hexagonal skeletons are particularly frequent; those 
with 7 or 8 corners occur very rarely and are known only from the basin 
of Pelym River. 


2. Distephanus crux (Ehr.) Hack. 

Basal ring is tetragonal, oval or rounded-tetragonal. Radial horns are 
always present. Apical ring is more or less square with a tetragonal or 
rounded apical window. Supporting spines are placed to the side of the 
connection of lateral rods. Accessory spines are present or lacking. 
Skeletal walls are smooth, dentate or covered with small spines. 


Var. crux (Plate XVIII, 1—11; Plate XIX, 1—6; Figure 24). 


D. crux (Ehr.) Hackel (1887), Voyage Challenger (Zool.), 18, 2, 
p. 1563; Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 262, 
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Table II, Figures 6, 7; Lemmermann (1903), Nord. Plankton 2, 2, p.29, 
Figure 98; Lemmermann (1908), Nord. Plankton 21, 8, p. 29, Figure 98; 
Martin (1904), Maryland Geol. Surv. Mioc. 2, p. 448, Plate 130, Figures 1— 
2; Gaponov (1914), Zap. Novoross. obshch. estestvoispyt. 39, p. 335, 
Figure 33; Gaponov (1915), Ezhegodn. po geol. i mineral. Rossii, 17, 
1—3, p. 40, Table 3, Figure 28; Schulz (1928), Bot. Arch. 21, 2, p. 255, 
Figure 44; Hanna (1928), Bull. Amer. Assoc. Petrol.Geol. 12, 10, Plate9, 
Figure 5; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 

2, p. 58, Figure 49; Deflandre (1932), Bull. Soc. bot. Fr., 79, p. 459, 
Figure 2; p. 502, Figures 36, 38; Deflandre (1932), Bull. Soc. fr. Microse. 
1, 1, p. 19, Figures 41—43; Zhuze (1955), Bot. mater. Otd. spor. rast. 
BIN AN SSSR, 10, p. 80, Figure 10; Desikachary and Macheshwari (1956), 
J. Ind. Bot. Soc. 35, 3, p. 260, Text-figure 14, Table 13, Figure 7. — 
Distephanus crux var. apiculatus Lemmermann (1901), Ber. 
Dtsch. bot. Ges. 19, 1, p. 262. —D. crux f. aspera Schulz (1928), 
Bot. Arch. 21,.2, p. 257,: Figure 45..— D.,erux flongispina 

Schulz, Ibid., p.°256, Figure 44 (?). — D. crux f. brevispina Schulz, 
Ibid., p. 256 (?). — Dictyocha crux Ehrenberg (1840), Ber. Verhandl. 
Konig. Akad. Wiss., p. 207; Ehrenberg (1854), Mikrogeol., Table 18, 
Figure 56, Table 20, Figure 46a—c, Table 33, gr. 15, Figure 9; Tynan 
(1957), Micropaleont. 3, 2, p. 131, Table 1, Figures 2—8; Proshkina- 
Lavrenko (1959), Tr. BIN AN SSSR, Seriya 2, Spor. rast. 12, p. 152, 
Table 1, Figures 10—12. — D. fibula f. speculum Frenguelli (1935), 
Ann. Mus. Argentino Ciens. Nat. 38, Table 5, Figures 2—7. 
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FIGURE 24. Distribution of Distephanus crux (Ehr.) Hack. var. crux in seas of the 
USSR 


Basal ring is quadrangular, 17—35y in diameter, with straight or 
slightly convex sides, 11—29u long. Radial horns are either more or less 
uniform, 2—174 long, or two opposite horns are almost twice as long as 
the other pair: shorter horns are 3—8 yu long and longer ones 7—15 uy. 
Apical ring is 7—13 uy in diameter with a quadrangular or circular apical 
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window. Supporting spines usually are present; accessory spines are rare. 
Skeletal walls are smooth or dentate. 

Distribution in the USSR: Northwestern area of Black Sea, very rare; 
Sea of Okhotsk. FOSSILS. Late Eocene. Central Asia: Aral-Caspian 
area, basin of Irgiz River, upper part of Tas-Aran suite, abundant (Uzen'- 
Kairakty River). Early Oligocene (?). European part: Kursk Region, 
Kharkov suite (?), very rare; Kharkov and Dnepropetrovsk regions, 
Kharkov suite (?), very rare to frequent; Western Siberia: Langur River. 
Late Oligocene. Central Asia: Aral-Caspian area, Mangyshlak, 
Karagie suite, frequent. Neogene: Far East: Kamchatka (Rekinniki inlet, 
Kavran series, very rare to rare; Napana River, Kakertok suite, abundant); 
Sakhalin (northern coast of Shmidt peninsula, lower part of Diatom suite, 
abundant; basin of Kongi and Tumi rivers, frequent; southern Sakhalin, 
Maruyama suite, very rare to frequent; Nitui, Ketovaya, Kosinai and Ko- 
Utori rivers). Miocene. Caucasus: Northern Caucasus (Krasnodar 
Territory, Shibik River, Maikop series, very rare). Sarmatian. 
European part: Zaporozh'e Region, Orekhov. Early Sarmatian. 
European part: Upper Dniestr, Khmel'nitskii Region, Kremenno village, 
very widespread. Middle Sarmatian. European part: Crimea 
(Shubinskaya Ploshchad', very rare). Early Miocene. European part: 
Crimea, Taman peninsula. Quaternary deposits. European part: 
Ladoga area, Raukhiala, intermoraine layer, rare. 

General distribution: Mediterranean Sea; Adriatic Sea; Tasman Sea 
(off the west coast of New Zealand); Atlantic Ocean (tropical zone, coasts 
of South America, San Matias Gulf). FOSSILS. Late Eocene or 
Early Oligocene. Australia (Oamaru, New Zealand). Aquitanian- 
Burdigalian stage. Southern Europe (Morén, Spain). Miocene. 
Southern Europe (Zante, Greece; Italy, Caltanissetta, Sicily). Central 
Europe (Karand, Hungary); Asia (Nankoori, India; Sendai, Honshu Island, 
Japan); North America (California); Africa (Oran, Algeria). Middle 
Miocene. North America (Maryland); Asia (Japan). Middle — Late 
Miocene. North America (Santa Monica, California). Sarmatian. 
Southern Europe (Dolje, Yugoslavia); Central Europe (Bremia, Hungary). 
Late Miocene. Asia (Hokuriki area, Honshu Island, Japan). Late 
Miocene — Early Pliocene. Asia (Noto peninsula and Kanazawa 
area, Honshu Island, Japan). Neogene (?). North America (Redondo; 
Sacramento; Poplain). Quaternary deposits. Northern Europe 
(Finland, interglacial deposits). 

Note: In Late Eogene marine clays of the Tas-Aran suite of Turgai 
(Plate XIX, 2) and the Maikop of Krasnodar Territory (Plate XIX, 5, 6) 
are encountered mainly forms of skeletons with dissimilar radial horns 
distinguished by stable form and size. These skeletons are closely related 
to the form from the Early Miocene of Taman (Proshkina-Lavrenko, l.c.), 
Early Sarmatian of Kamenets-Podolsk Region, Sarmatian of Dnepropetrovsk 
Region (Gaponov, l.c.), Miocene of Nankoori (Desikachary and Machesh- 
wari, 1. c.) and Sarmatian of Bremia, Hungary (Schulz, l.c.). Schulz (l.c.) 
proposed the name of f. longispina for it, which was rejected by 
Gemeinhardt (1930, p. 58). 

In the Far East, this variety shows an extraordinary variation in the 
contour and size of the skeleton (Plate XVIII, 1—10). 

Besides the type variety, Distephanus crux (Ehr.) Hack. includes 
two other varieties not yet found in the USSR; var. mesophthalmus 
(Ehr.) Lemm. and var. schauinslandii (Lemm.) Schulz. 
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3. Distephanus stauracanthus (Ehr.) Hack. (Plate XIX, 10). 

Hackel (1887), Voyage Challenger (Zool.), 18, 2, p. 1564. —D. crux 
var. stauracanthus Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 
1, p. 263; Schulz (1928), Bot. Arch. 21, 2, p. 260, Figure 48; Gemein- 
hardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 60, 

Figure 52(?). — D. crux var. octacanthus Desikachary and 
Macheshwari (1956), J. Ind. Bot.Soc. 35, 3, p. 260, Text-Figures 10, 12, 
13, Table 13, Figures 8, 9, 13. —Dictyocha stauracanthus 
Ehrenberg (1845), Ber. Verhandl. Konig. Akad. Wiss. p. 76; Ehrenberg 
(1854), Mikrogeol., Table 33, gr. 15, Figure 10. 

Basal ring is usually octagonal, rarely nonagonal, with 8 or 9 radial 
horns. Sides of basal ring are 20—26yu long. Apical ring is square. Four 
lateral rods arise from corners of apical ring. There are 4 supporting 
spines. 

Distribution in the USSR: Bering Sea, superficial deposits. 

General distribution: Middle — Late Miocene. North America 
(Santa Monica, California). Neogene (?). North America (Virginia). 
Miocene. Asia (Nankoori, India). 

Note: Skeletons of D. stauracanthus (Ehr.) Hack. encountered by 
Zhuze (1960) in superficial deposits of the Bering Sea were probably 
carried there from Neogene deposits. 

D. stauracanthus (Ehr.) Hack. differs so sharply from D. crux 
(Ehr.) Hack. that we consider it more correct to describe it as a separate 
species, as did Ehrenberg (1. c.) and Hackel (l.c.). 

D. crux var. octacanthus, described by Desikachary and 
Macheshwari (l.c.) from the Miocene of India, apparently belongs to 
D. stauracanthus (Ehr.) Hack., although it differs from the Santa 
Monica specimens (Schulz, 1.c.) in the size of the radial horns. 


4. Distephanus speculum (Ehr.) Hack. 
Basal and apical rings have 5—7 sides. Apical ring is always smaller 
than basal ring. 


Var. speculum (Plate XIX, 7—9; Plate XX, 1—11; Figure 25). 

D. speculum (Ehr.) Hackel (1887), Voyage Challenger (Zool.), 18, 2, 
p. 1565; Borgert (1891), Z.wiss. Zool. 51, p. 637, Table 33, Figure 2; 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 263, Table 11; 
Figure 11; Lemmermann (1903), Nord. Plankton, 2, 2, p. 29, Figure 99; 
Lemmermann (1908), Nord. Plankton, 21, 8, p. 29, Figures 99, 101, 102; 
Gaponov (1915), Ezhegosn. po geol. imineral. Rossii, 17, p. 40, 

Table 3, Figure 29; Schulz (1926), Bot. Arch. 13, 3—4, Figure 169; 
Schulz (1928), Bot. Arch. 21, 2, p. 262; Hanna (1928), Bull. Am. Ass. 
Petrol. Geol. 12, 10, Table 9, Figure 9; Gemeinhardt (1930), Silicofl. 
In: Rabenhorst's Krypt.-Fl. 10, Abt. 2, p. 61, Figure 53a—h, Table 1, 
Figures 1—5; Gemeinhardt (1931), Deutsch. Sudpolar-Exp. 20, p. 237, 
Table 42, Figures 15—18, 22, Table 43, Figures 31, 32; Gemeinhardt 
(1934), Wiss. Ergebn. Deutsch. Atlant. Exp. 'Meteor," 12, 1, 3, p. 279, 
Table 7, Figures 13, 14, 16; Deflandre (1932), Bull. Soc. franc. micro- 
scopie, 1, 1, Figures 1—3; Deflandre (1932), Bull. Soc. bot. Fr., 79, 
Figure 14; Marshall (1934), Sci. Rept. Great Barrier Reef Exp. 4, 15, 
Text-figure 2; Frenguelli (1935), Ann. Mus. Argentino Cienc. Nat. 38, 
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Table 1, Figures 1—3; Gail (1950), Izvestiya TINRO, 33, Table 1, 
Figures 9, 11; Sheshukova-Poretskaya (1955), Uch. zap. LGU, ser. biol. 
nauk, 40, 191, Table B, Figure 9; Desikachary and Macheshwari (1956), 
J. Ind. Bot. Soc. 35, 3, p. 261, Text-figure 11; Cheremisinova (1957), 
Byull. Komiss. po izuch. chetvert. per. 21, Table 3, Figure 2. — D. 
speculum f. coronata Schulz (1928), Bot. Arch. 21, 2, p. 262, 
Figure 50. —D. speculum var. brevispinus Lemmermann (1901), 
Ber. Dtsch. bot. Ges. 19, 1, p. 264, Table 11, Figure 14; Lemmermann 
(1903), Nord. Plankton, 2, 2, p. 30, Figure 101; Lemmermann (1908), 
Nord. Plankton, 21, 8, p. 30, Figure 101; Schulz (1928), Bot. Arch. 21, 
2, p. 263, Figure 56; Gemeinhardt (1931), Deutsch. Sudpolar-Exp. 20, 
p. 239, Table 42, Figures 23, 24. —D. speculum var. aculeatus 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 264, Plate 11, 
Figure 23; Lemmermann (1903); Nord. Plankton, (2) 2,. p.. 30, Figure’ 102; 
Gemeinhardt (1931), Deutsch. Sudpolar-Exp. 20, p. 239, Table 42, 
Figure 19, Table 43, Figures 27, 28. —D. speculum var. hexatyra 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 264. —D. orna- 
mentum Hackel (1887), Voyage Challenger (Zool.), 18, 2, p. 1565. — 
D. rotundus Stohr (1880), Paleontogr. 26, 4, p. 121, Table 7, 
Figure 9. —D. irregularis Hanna (1931), Mining in Calif. 27, 2, 
Table E, Figure 9. — Dictyocha speculum Ehrenberg (1839), 
Abhandl. Konig. Akad. Wiss., p. 128, Table 4, Figure 10n; Ehrenberg 
(1841), Ibid., p. 150, Table 4, Figure 4; Ehrenberg (1854), Mikrogeol., 
Table 18, Figure 57, Table 19, Figure 41, Table 21, Figures 44, 47, 
Table 22, Figure 48, Table 25, Figure 47; Stohr (1880), Paleontogr. 
26, 4, p. 120, Table 7, Figure 8; Frenguelli (1940), Revista Mus. La 
Plata, Nuev. ser., 2, Secc. Paleontol. 7, Figures-la, e, 5d; Deflandre 
(1950), Microscopie, 2, Figures 6, 7; Frenguelli and Orlando (1958), 
Inst. Antarct. Argentino Publ. 5, p. 140, Table 17, Figures 1, 2, 3; 
Proshkina-Lavrenko (1959), Tr. BIN AN SSSR, Ser. 2, Spor. rast. 12, 
p. 154, Table 1, Figures 13—16; Frenguelli (1960), Rev. Algolog., nov. 
ser., 5, 1, Table 1, Figure 8a—c. — D. aculeata Ehrenberg (1839), 
Abhandl. Konig. Akad. Wiss., p. 149; Ehrenberg (1854), Mikrogeol., 
Table 21, Figure 47, Table 22, Figure 48. —D. ornamentum 
Ehrenberg (1844), Ber. Verhandl. Konig. Akad. Wiss., p. 80. 

Basal ring is hexagonal, 17—40 yu in diameter, with straight, slightly 
convex or concave sides, 8—20y long. Radial horns are either more 
or less uniform, 1—25 yu long, or two opposite horns relatively longer 
than the other 4. Apical ring is hexagonal, 8—24y in diameter, sometimes 
with accessory spines. Supporting spines are as a rule present. 

Distribution in the USSR: Baltic Sea (Gulf of Riga); White Sea, very 
rare to abundant (Sosnovets Island, Sosnovaya Inlet; Knyazh'ya Guba Inlet; 
Malaya Pir'yu Inlet; Regozerskaya Inlet; Pen'gama Bay, the islands 
Lesnaya Osinka and Tonkaya Osinka; Cape Glubokii; Zhuzhmun and 
Zhizhchin islands; Onega Bay, Solovetski Islands, etc.); Barents Sea; 
Kara Sea (northeastern part; Klokov Bay); Black Sea (Bay of Sevastopol, 
Karadag area); Kerch Strait; Caspian Sea; Bering Sea; Kronoki Gulf, 
rare; Sea of Okhotsk; Sea of Japan (Peter the Great Bay, very rare to 
frequent; Petrov Island; Patrokl Inlet). FOSSILS. Late Eocene. 
Western Siberia: basin of Pechal'-Ky River, a right tributary of the Taz, 
very rare; Late Eocene — Early Oligocene (?). Western Siberia: 
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Middle Ob area, lower part of Chegan suite, very rare (Vasyugan River). 
Late Oligocene. Aral-Caspian area, Mangyshlak peninsula, Karagie 
suite, abundant. Neogene. Far East: Kamchatka (Napana River, 
Kavran bed, Kakertok suite, very rare; Ust'-Kamchatsk area, Sandstone- 
gravel suite, very rare; Kronoki area, Talovaya suite, very rare); 
Kurile Islands, common to abundant; Sakhalin (northern coast of Shmidt 
peninsula, Machigar section; upper part of Diatom suite, very rare to 
rare; eastern coast of Shmidt peninsula, Diatom suite, very rare to rare; 
basin of Kongi and Tumi rivers, Diatom suite, very rare to abundant; 
basin of Troptun and Longi rivers, Diatom suite, rare; basin of Kongi 
River and Lake Machigar; southern Sakhalin, Maruyama suite, very rare 
to abundant, Podgornaya, Lyutoga, [l'inka, Gurovka, Nitui, Markovka, 
and Daiiti rivers). Quaternary deposits. European part: northeast, 
intermoraine layer, very rare to very abundant (Leningrad Region, Mga 
River; Lake Ladoga depression; northeast coast of Lake Ladoga, Levina 
Gora); late-glacial deposits, very rare to rare (Karelia, Tyukkala; 
Shotozero). 
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FIGURE 25. Distribution of Distephanus speculum (Ehr.) Hack, in seas of the USSR 


General distribution: Extremely widespread, euryhaline marine cold- 
water form found in all European and Far Eastern seas and in all oceans. 
FOSSILS. Late Eocene. North America (California). Late Eocene 
or Early Oligocene. Australia (Oamaru, New Zealand); North 
America (California, Krayenhagen formation). Late Oligocene — 
Early Miocene. South America (Lesser Antilles, Barbados Island). 
Aquitanian-Burdigalian stage. Southern Europe (Moron, Spain). 
Miocene. Southern Europe (Italy, Sicily, Greece); Central Europe 
(Hungary); Africa (Oran, Algeria); Asia (India; Japan, Honshu Island, 
Sendai and Kittanai); North America (California). Middle — 

Late Miocene. North America (Santa Monica, California). Late 
Miocene. Asia (Japan, Honshu Island, Hokuriku area), Late 
Miocene — Early Pliocene. Asia (Japan, Honshu Island, Noto 
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peninsula and Kanazawa area). Neogene (?). North America (Santa 
Maria; Nottingham; Redondo; San Pedro); South America (Bolivia). 
Quaternary deposits. Central Europe (Poland, Bay of Danzig, 
interglacial deposits). 

Note: We encountered in Late Eocene deposits of Western Siberia and 
in intermoraine clays of Mga River (Plate XX, 9) skeletons of D. 
speculum (Ehr.) Hack. var. speculum that almost do not vary. 

They possess relatively short, almost uniform radial horns. The Mga 
River skeletons most closely resemble those reported by Schulz (1926) 
from interglacial deposits of the Bay of Danzig. Skeletons of this variety 
from the Neogene of the Far East show an extraordinary variation 

(Plate XX, 1—3, 6, 7). In addition to the forms with wide fluctuations 

in the size of the basal and apical rings there are skeletons with relatively 
short, uniform radial horns, some of them analogous to D. speculum 
var. brevispinus Lemm from the Baltic Sea (Plate XX, 6). Gemein- 
hardt (1930) has included this name in the synonymy. 

Some specimens with short, uniform radial horns and with accessory 
spines (Plate XX, 4, 5) resemble D. speculum var. regularis f. 
coronata (Schulz (1928, Figure 54). Gemeinhardt (1930) believed that 
the presence of accessory spines is not a basis for establishing a separate 
taxon. The studies of Proshkina-Lavrenko (1959) of living silicoflagellates 
of the Black Sea have shown that the accessory spines develop as a result 
of a lowering of the temperature of seawater. 
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FIGURE 26. Distribution of Distephanus speculum var, regularis Lemm, in seas 
of the USSR 


The presence of two slightly longer radial horns in some specimens 
is reported by Gemeinhardt (1930, Figure 53, g, h) from the Atlantic 
Ocean and in fossil material from Hungary. Skeletons in which the two 
opposite horns are considerably (sometimes 2—3 times) longer than the 
rest are rather rare. This feature establishes a relationship with specimens 
found by Ehrenberg (l.c.) in the Neogene deposits of Europe and Africa. 
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Before the publication of Gemeinhardt's monograph (1930), all the 
specialists (Hackel, Lemmermann, Schulz, etc.) followed the diagnosis 
by Ehrenberg and placed in the typical Distephanus speculum (Ehr.) 
Hack. only those skeletons in which two radial horns are more than twice 
as long as the rest. The form with uniform radial horns was established 
by Lemmermann (1901, p. 263, Table 11, Figures 12—13) as a separate 
variety, var. regularis Lemm. Gemeinhardt (1930) extended Ehren- 
berg's original diagnosis for this species. He noted that if the horn length 
does not exceed 2/3 of the diameter of the basal ring, all the horns of 
D. speculum (Ehr.) Hack. can be almost equal. Gemeinhardt placed 
inD. speculum var. regularis only those specimens with uniform 
to very long radial horns. On the other hand, Frenguelli and Orlando (l.c.) 

267 do not assign these forms to a separate taxon. 

Var. regularis Lemm. (Plate XXI, 9; Figure 26). 

Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 263, Table 11, 
Figures 12, 13; Schulz (1928), Bot. Arch. 21, 2, p. 263; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 2, p. 64, Figure 56; 
Gemeinhardt (1934), Wiss. Ergebn. deutsch. Atlant. Exp. ''Meteor," 12, 

1, p. 295, Table 8, Figure 17a—c. — Dictyocha speculum Enhr. 
sensu Frenguelli and Orlando (1958), Inst. Antarct. Argentino Publ. 5, 
p. 140, Table 17, Figures 1, 3. 

Skeleton consists of6 parts. Radial horns are of equal size and very 
long, more than 2/3 of diameter of basal ring. In addition to supporting 
spines, accessory spines of often present. 

Distribution in the USSR: White Sea; Barents Sea, Laptev Sea; Chukchee 
Sea; western part of Bering Sea, common; Sea of Okhotsk, frequent; 
western coast of southern Sakhalin (Aniva Bay); eastern coast of southern 
Sakhalin; southern Kurile area; Pacific Ocean (near the Kurile Range). 

General distribution: Baltic Sea; Arctic, Antarctic and Pacific oceans. 
FOSSILS. Neogene. Southern Europe (Italy); Central Europe (Hungary). 

Note: The occurrence of fossil material of this variety is reported here 
after Schulz (1928), but with some reserve since Schulz gave no illustra- 
tions. He believes that var. regularis resembles so closely the type 
variety that it should be regarded only as a form. Frenguelli and Orlando 
(1958), on the other hand, do not place this form in a separate taxon. 


Var. pentagonus Lemm. (Plate XXI, 1—5). 

Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 264, Table 11, 
Figure 19; Schulz (1928), Bot. Arch. 21, 2, p. 263, Figure 57; Gemein- 
hardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 2, p. 65, 

Figure 57a—d; Gemeinhardt (1931), Deutsch. Sudpolar-Exp. 20, p. 240; 
Gemeinhardt (1934), Wiss. Ergebn. deutsch. Atlant. Exp. ''Meteor," 12, 
1, p. 296; Cheremisinova (1957), Byull. Komiss. po izuch. chetvert. 
perioda 21, Table 3, Figure 4. — Distephanus speculum var. 
pentagonus f. armata Lemmermann (1901) Ber. Dtsch. bot. 
Ges. 19, 1, p. 264, Table 11, Figure 20. — D. asteroides Hackel 
(1887), Voyage Challenger (Zool.), 18, 2, p. 1564. — D. variabilis 
Hanna (1931), Mining in Calif. 27, Table E, Figure 8. 

Differs from the type form in possessing pentagonal basal and apical 
rings. Diameter of basal is 17—38 yu, side length 9—22 yu. Radial horns 
are more or less uniform, 4—15y long. Diameter of ees ring is 
6— 15yu, side length 4—7u. 
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Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, Irgiz River, upper part of Tas- Aran suite, very rare 
(Uzen'-Kairakty River). Late Eocene — Early Oligocene (?). 
Western Siberia: Middle Ob area, lower part of Chegan suite, very rare 
(basin of Parabel' and Chuzik rivers). Early Oligocene (?). 
European part: Kharkov Region, Staroverovka village, Kharkov suite (?) 
very rare; Western Siberia: Taz peninsula, En-Yakha River, very rare. 
Neogene. Far East: Kamchatka (Rekinniki Inlet, Kavran series, very 
rare, Napana River, Kakertok suite, very rare); Kurile Islands, rare; 
Sakhalin (Shmidt peninsula, Machigar section, Diatom suite, very rare to 
abundant; western coast of Shmidt peninsula, Mayam-Raf suite, very rare; 
southern Sakhalin, Maruyama suite, very rare to rare). Quaternary 
deposits. European part: northwestern, intermoraine layer, rare 
(Ladoga area, Raukhiala; Lake Ladoga depression). 

General distribution: Atlantic Ocean; Antarctic. FOSSILS. Late 
Eocene or Early Oligocene. North America (Krayenhagen forma- 
tion, California); Australia (Oamaru, New Zealand). Aquitanian- 
Burdigalian stage. Southern Europe (Morén, Spain). Miocene. 
Southern Europe (Italy, Sicily); Africa (Oran, Algeria); Asia (Sendai, 
Japan); North America (California) Middle — Late Miocene. 
North America (Santa Monica, California). Sarmatian. Central 
Europe (Hungary). Late Miocene. Asia (Hokuriku area, Honshu 
Island, Japan). Neogene (?). North America (Santa Barbara; Lower 
[California? ]; Redondo). 

Note: Relatively large skeletons occur in the Late Eocene marine clays 
of the Tas-Aran suite of Uzen'-Kairakty River (Plate XXI, 1). Isolated 
specimens of the same type but without supporting spines are found in the 
Early Oligocene (?) clays of the Chegan suite of the basin of the En-Yakha 
River, in the southern part of Taz peninsula (Plate XXI, 2); they resemble 
specimens from the Paleogene of California lacking supporting spines 
(Hanna, l.c.). In the Neogene of the Far East occur skeletons of a similar 
general form but with developed supporting spines (Plate XXI, 3, 4) like 
forms from the Middle— Late Miocene of Santa Monica, California 
(Schulz, 1.c.). Smaller skeletons of the same variety are also found in 
the Neogene of the Far East (Plate XXI, 5). 

Deflandre (1950) believes that the number of sides of the basal ring 
has no taxonomic importance and that all taxons based on it should be 
discarded. Proshkina-Lavrenko (1959) agrees with this view. However, 
we prefer to retain these taxonomic entities, since nothing is yet known 
of the biological significance of the number of sides of the basal ring or 
the place these forms occupy in nature. 


2 


Var. septenarius (Ehr.) Jorg. (Plate XXI, 6; Figure 27, 1). 
Jorgensen (1899), Protophyten und Protozoen im Plankton aus der 
norwegischen Westkuste, p. 50; Lemmermann (1901), Ber. Dtsch. bot. 
Ges. 19, 1, p. 265, Table 11, Figure 15; Lemmermann (1903), Nord. 
Plankton, 2, 2, p. 31, Figure 103; Lemmermann (1908), Ibid., 21, 8, 

p. 31, Figure 103; Schulz (1926), Bot. Arch. 13, 3—4, Figure 170; 
Schulz (1928), Ibid., 21, 2, p. 264, Figure 58; Gemeinhardt (1930), 
Silicofl. In: Rabenhorst's Krypt.-Fl. 10, Abt. 2, p. 67, Figure 58a—c; 
Gemeinhardt (1931), Deutsch. Siidpolar-Exp. 20, p. 240, Table 43, 
Figures 26, 29, 33, 34; Gemeinhardt (1934), Wiss. Ergebn. deutsch. 
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Atlant. Exp. 'Meteor,'' 12, 1, 3, p. 296, Figures 19, 20; Deflandre (1932), 
Bull. Soc. fr. Microsc., 1, 1, Figures 48, 49; Gail (1950), Izvestiya 
TINRO, 33, Table 1, Figure 12. —Distephanus speculum (Enhr.) 
Hack. sensu Vanhoffen (1897), Flora und Fauna Gronlands, p. 269, 

Table 5, Figure 19. — Dictyocha speculum f. septenarius (Ehr.) 
Jorg. Proshkina-Lavrenko (1959), Tr. BIN AN SSSR, ser. 2, Spor. rast. 
12, Table 1, Figure 17. —D. septenaria Ehrenberg (1844), Ber. 
Verhandl. Konig. Akad. Wiss., p. 80; Ehrenberg (1854), Mikrogeol., 
Table 21, Figure 45. —D. ornamentum Ehrenberg (1854), Mikrogeol., 
Table 22, Figure 49; Borgert (1891), Z. wiss. Zool. 51, 4, p. 637, 

Table 33, Figure 6. 

Differs from type variety in possessing heptagonal basal and apical 
rings. Diameter of basal ring is 20—30u, length of side 8—10yu; diameter 
of apical ring is 10—174y, length of side 5—7y; radial horns are 5—104y 
long. 

Note: Deflandre (1950) regards this taxon as superfluous. Proshkina- 
Lavrenko (1. c.) published a drawing of the skeletons of this variety, found 
by her in the Black Sea, as aform of Dictyocha speculum Ehr. 

Distribution in the USSR: Black Sea, Sea of Okhotsk (off western coast 
of southern Sakhalin), Sea of Japan (eastern coast of Sakhalin; Petrov 
Island). FOSSILS. Neogene. Kamchatka (Ust'-Kamchatsk area, 
Sandstone-gravel suite, very rare); Kurile Islands, very rare; Sakhalin 
(northern coast of Shmidt peninsula, Diatom suite, very rare; basin of 
Kongi River and Lake Machigar, frequent). Quaternary deposits. 
European part: Ladoga area (Raukhiala, common). 

General distribution: North Sea; Baltic Sea (Kiel, Oslofjord and 
Karajakfjord); Adriatic Sea; Atlantic and Pacific oceans; Antarctic. 
FOSSILS. Early Eocene. Western Europe (Denmark, Moler suite, 
Mors and Fuur islands). Aquitanian-Burdigalian stage. Southern 
Europe (Moron, Spain). Miocene. Southern Europe (Italy, Sicily); 
Central Europe (Carand, Hungary); Africa (Oran, Algeria); Asia (Sendai, 
Honshu Island, Japan). Late Miocene. Asia (Hokuriku area, Honshu 
Island, Japan, rare). Neogene (?). North America (Richmond). 
Quaternary interglacial deposits. Northern Europe (Finland); 
Central Europe (Poland, Bay of Danzig). 


Var. cannopiloides (Pr.-Lavr.) Gleser comb. nov. (Plate XXII, 1—5; 
Plate XXIII, 1—6; Plate XXIV, 1—5; Figure 27, 2). 

Dictyocha speculum f. cannopiloides Pr.-Lavr. Proshkina- 
Lavrenko (1959) Tr. BIN AN SSSR, ser. 2, Spor. rast., 12, p. 155. — 
D. heptacanthus Ehrenberg (1840), Ber. Verhandl. Konig. Akad. 
Wiss., p. 208; Ehrenberg (1854), Mikrogeol., Table 19, Figure 39. — 
D. haliomma Ehrenberg (1844), Ber. Verhandl. Konig. Akad. Wiss., 
p. 80; Ehrenberg (1854), Mikrogeol., Table 21, Figure 46. — D. 
binoculus Ehrenberg (1844), Ber. Verhandl. Konig. Akad. Wiss., 
p. 79; Ehrenberg (1854), Mikrogeol., Table 19, Figure 42. — D. diom- 
mata Ehrenberg (1845), Ber. Verhandl. Konig. Akad. Wiss., p. 76. — 
D. triommata Ehrenberg (1854), Ibid., p. 76. —Cannopilus 
calyptra Hackel (1887), Voyage Challenger (Zool.), 18, 2, p. 1568; 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 267; Schulz (1928), 
Bot. Arch. 21, 2, p. 265, Figure 62a—d; Gemeinhardt (1930), Silicofl. 
In: Rabenhorst's Krypt.-Fl. 10, p. 75, Figure 62; Deflandre (1932), Bull. 
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Soc. fr. Microsce., 1, 1, Figure 53. —C. calyptra var. heptacanthus 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 28; Schulz (1928), 
Bot. Arch. 21, 2, p. 267, Figure 63a—c; Gemeinhardt (1930), Silicofl. 
In: Rabenhorst's Krypt.-Fl. 10, p. 75. —C. calyptra var. spinosa 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 367, Table 11, 
Figure 24. —C. binoculus Lemmermann (1901), Ber. Dtsch. bot. Ges. 
19, 1, p. 266, Table 11, Figure 22; Schulz (1928), Bot. Arch. 21, 2, 

p. 265, Figure 60; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.- 
Fl. 10, p. 73, Figure 61; Gemeinhardt (1931), Deutsch. Sudpolar-Exp. 20, 
p. 241, Table 43, Figure 35. —C. binoculus var. diommata 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 267; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 74; Gemeinhardt 
(1931), Deutsch. Sudpolar-Exp. 20, p. 241; Gemeinhardt (1934), Wiss. 
Ergebn. deutsch. Atlant. Exp. ''Meteor," 12, 1, 3, Table 8, Figure 23. — 
C. triommata Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, 

p. 267, Table 11, Figure 25; Schulz (1926) -Bots/Arch.).21,. 2; p. 265, 
Figure 61; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.- Fl. 10, 
p. 74; Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, Figure 5. — 
Distephanus speculum (Ehr.) Hack. sensu Deflandre (1932), Bull. 
Soc. bot. France, 79, Figures 15—19. — D. variabilis Hanna (1931), 
Mining in Calif., 27, 2, Table E, Figures 5—7. — ''Dictyocha specu- 
lum Ehr. formae 1—6"' Tynan (1957), Micropaleont. 3, 2, p. 132, 

Table 1, Figures 11—19. — Dictyocha speculum var. septenaria 
Ehr. Tynan (1957), Ibid., p. 32, Table 1, Figure 20. —D. speculum 
Ehr. sensu Frenguelli and Orlando (1958), Inst. Antarct. Argentino Publ. 
5, p. 140j.cPable 27,0 Pigures (4;.°5, 2. 
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FIGURE 27. Distribution of varieties of Distephanus speculum (Ehr.) Hack, var. 
septenarius (Ehr.) Jorg. and var. cannopiloides (Pr,-Lavr.) Gleser in seas of the 
USSR: 


1—var.septenarius; 2—var. cannopiloides, 
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Basal ring is pentagonal or hexagonal, 18— 40 u in diameter, with 
straight or slightly concave sides, 8—20u long. Relatively uniform 
radial horns vary from barely visible to 32 u long. Apical apparatus is 
slightly convex. Apical ring is often irregular inform, 10—20y in 
diameter, and divided by partitions into apical windows usually of 
dissimilar form and size. Accessory spines are sometimes present. 

Distribution in the USSR: Black Sea; Sea of Japan (Peter the Great 
Bay). FOSSILS. Late Eocene. Central Asia: Aral-Caspian area, 
basin of Irgiz River, upper part of Tas- Aran suite, very rare (right 
bank of Uzen'-Kairakty River). Neogene. Far East: Kamchatka, 
Kakertok suite, very rare (Napana River); Kurile Islands, very rare to 
rare; Sakhalin (northern coast of Shmidt peninsula, Diatom suite, very 
rare to common; basin of Kongi and Tumi rivers, common; western 
coast of Schmidt peninsula, Mayam-Raf suite, very rare; southern Sakhalin, 
Maruyama suite, very rare). Quaternary deposits. European part: 
Ladoga area (Raukhiala, very rare). 

General distribution: North Sea; Baltic Sea (Kiel Bay, Oslofjord); 
Atlantic Ocean; Antarctica. FOSSILS. Late Eocene or Early 
Oligocene. North America (Krayenhagen formation, California). 
Aquitanian-Burdigalian stage. Southern Europe (Mor6én, Spain; 
Greece; Sicily, Italy). Sarmatian. Central Europe (Hungary). 
Miocene. Asia (Sendai, Honshu Island, Japan); North America 
(California). Middle Miocene. North America (Maryland, Calvert 
formation). Middle — Late Miocene. North America (Santa Monica, 
California). Late Miocene. Asia (Hokuriku area, Honshua Island, 
Japan). Neogene (?). North America (Poplain; Redondo); South. 
America (Bolivia). 

Note: Differs from type variety in the presence of two or more apical 
windows. 

In the Neogene of the Far East occur two skeletal types of this variety: 
1) large pentagonal or hexagonal skeletons with relatively small apical 
windows, uniform radial horns and supporting spines (Plate XXII, 1—5; 
Plate XXIII, 1—6); 2) smaller hexagonal skeletons with two longer 
radial horns, a relatively large apical ring divided into more regular 
apical windows, and often with accessory spines and without supporting 
spines (Plate XXIV, 1—5). The skeletons of the second type closely 
resemble those described by Tynan (l.c.) from the Calvert formation of 
Maryland in North America. Both types differ from Distephanus 
speculum var. speculum from the same materials only in having 
a greater number of apical windows. The skeletons of the second type 
are associated with the very bottom of the Diatom suite of the Machigar 
section of Shmidt peninsula, while the first type is represented by isolated 
specimens throughout the section. Skeletons with several apical windows 
were described first by Ehrenberg (l.c.) from deposits in Greece as 
various species of Dictyocha Ehr. The specimens with several apical 
windows were later placed in the genus Cannopilus Hack. (Hackel, l.c.; 
Lemmermann, 1.c.; Schulz, l.c.; Gemeinhardt, l.c., etc.). The number 
of apical windows was used as the main criterion for establishment of the 
species. It is true that Gemeinhardt (1930, 1934) encountered two apical 
windows on several specimens of living Distephanus speculum 
(Ehr.) Hack., which he interpreted as an accident or atavism, since such 
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forms occur mainly as fossils and are very rare in the present-day seas. 
Such specimens with two apical windows Gemeinhardt defined as Canno- 
pilus binoculus (Ehr.) Hack. 

Probably in recognition of the morphological similarity between skeletons 
with one and several apical windows, Hanna (l.c.) united there forms in the 
single species Distephanus variabilis Hanna, which he established 
in materials from the Krayenhagen formation of California (no description 
of the species is given in his work). Taking an extreme view, Deflandre 
(1932) placed all the forms with a hexagonal basal ring in Distephanus 
speculum (Ehr.) Hack., regardless of the number of apical windows and 
without establishing finer distinctions within the species. Frenguelli and 
Orlando (1.c.) hold a similar position, placingin Dictyocha speculum 
Ehr. skeletons with 1, 2 and 3 apical windows from Antarctica. Guided 
by the number of apical windows, Tynan (l.c.) includes a number of forms 
which he marks with numerals in D. speculum (Ehr.) Hack. Proshkina- 
Lavrenko (1. c.) defines the skeletons with a complex apical apparatus as 
DD speculum Bhr.ci~cannopileides. 

We recognize the necessity of establishing a separate taxon for the 
forms with several apical windows, since their development takes place 
mainly in the Neogene. The observations of many authors (Gemeinhardt, 
1930, 1934; Hovasse, 1932; Deflandre, 1932b; Proshkina-Lavrenko, 1959, 
etc.) of living and fossil silicoflagellates, as well as our own data on the 
similarity of this form to Distephanus (Dictyocha) speculum 
(Ehr.) Hack., prove that this variety belongs to Distephanus specu- 
lum (Ehr.) Hack. 


5. Distephanus octonarius (Ehr.) Defl. 

Basal ring has 8—11 corners with almost equal radial horns or with 
two longer horns. Supporting spines usually are present. Apical ring has 
one or several apical windows. 

Note: This species differs from the closely related D. speculum 
(Ehr.) Hack. in the greater number of sides of the basal ring and in its 
ecology. 


Var. octonarius (Figure 28, 1). 

Distephanus octonarius Deflandre (1932), Bull. Soc. bot. Fr., 
79, p. 503, Figure 7. — D. speculum var. octonarius Jorgensen 
(1899), Protophyten und Protozoen im Plankton aus der norwegischen 
Westkiste, p. 50; Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, 

p. 265, Table 11, Figure 18; Lemmermann (1908), Nord. Plankton, 21, 

8, p. 31, Figure 105; Schulz (1928), Bot. Arch. 21, 2, p. 264; Gemein- 
hardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 69, Figure59a—b; 
Gemeinhardt (1931), Deutsch. Sudpolar-Exp. 20, p. 241, Table 42, 
Figures 5,6; Gemeinhardt (1934), Wiss. Ergebn. deutsch. Atlant. Exp. 
"Meteor," 12, 1, 3, p. 296, Figure 21; Gail (1950), Izvestiya TINRO, 

33, labled, Figure 13) =(Di-speculum: var: octonarius f. octo- 
gonia Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 265; 
Lemmermann (1903), Nord. Plankton, 2, 2, p. 31, Figure 105. — D. 
speculum var. octonarius f. coronata Schulz (1928), Bot. Arch. 
21, 2, p. 264. —D. octogonius Hackel (1887), Voyage Challenger 
(Zool.), 18, 2, p. 1567. — Dictyocha octonaria Ehrenberg (1844), 
Monatsber. Berl. Akad. Wiss., p.23.—D. speculum f. octonarius Jorg. 


291 


273 


Proshkina- Lavrenko (1959), Tr. BIN AN SSSR, ser. 2, Spor. rast., 12, 
Table 1, Figures 19—21; Deflandre (1950), Microscopie, 2, p. 6. — 
Octactis pule bra Schiller (1925), .Arch, Protistenk, (53) py 67, 
Text-figure C; Hovasse (1932), Bull. Biol. France, 66, 4, p. 458. 
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FIGURE 28. Distribution of varieties of Distephanus octonarius (Ehr.) Defl., var 
octonarius (1), var. polyactis (Jérg.) Gleser (2) and var, cyrtoides (Hack.) 
Gleser (3) in seas of the USSR 


Basal ring is octagonal, 274 indiameter. Radial horns are almost 
equal, 4—5y long, or two opposite horns longer than the other 6. Apical 
ring is 21 uindiameter. Supporting spines are present. 

Distribution in the USSR: Black Sea; Caspian Sea; Sea of Japan 
(Peter the Great Bay). FOSSILS. Neogene. Far East: Sakhalin 
(Shmidt peninsula, basin of Kongi River and Lake Machigar, Diatom suite, 
very rare). Quaternary deposits. European part: Ladoga area 
(Raukhiala, very rare); Pacific Ocean (northwestern part, bottom deposits, 
third horizon). 

General distribution: Norwegian, North, Adriatic, Mediteranean seas, 
Sea of Marmara; Indian Ocean; equatorial zone of the Atlantic Ocean; 
Pacific Ocean; South Polar basin. FOSSILS. Aquitanian-Burdiga- 
lian stage. Southern Europe (Moron, Spain). Miocene. Southern 
Europe (Sicily, Italy); Africa (Oran, Algeria); Asia (Sendai and Kittanai, 
Honshu Island, Japan); North America (Monterey, California). Middle — 
Late Miocene. North America (Santa Monica, California). Late 
Miocene. Asia (Hokuriku area, Honshu Island, Japan, rare). 
Neogene (?). North America (Redondo). 

Note: The specimen found in the Neogene of the Far East differs from 
the diagnosis by Gemeinhardt (l.c.) and drawings of Gemeinhardt (1. c.) 
and Deflandre (1.c.) in possessing radial horns of almost equal length. 

The independence of the species Dictyocha octonaria Ehr. was 
restored by Deflandre (1932b). Initially he placed the species in the genus 
Distephanus Stohr, but later in accordance with his theoretical 
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principles, returnedto Ehrenberg's diagnosis of this species (Deflandre, 
1950). The need for reviewing the systematic position of this form, which 
three major authorities (Lemmermann, 1901b, 1908; Schulz, 1928; 
Gemeinhardt, 1930, 1934) prior to Deflandre described as a variety of 
Distephanus speculum (Ehr.) Hack., arose apparently because of 
the different ecology of this species. All the varieties of D. speculum 
(Ehr.) Hack. inhabit cold waters, while D. octonarius (Ehr.) Defl. is 
a warmwater species (Schiller, 1925; Gemeinhardt, 1934). Although 
Deflandre did not describe the species, the main features of its skeleton 
are clearly visible in the drawings. (Deflandre (1932a) placed in Diste- 
phanus octonarius (Ehr.) Hack. skeletons with an octagonal basal 
ring, 6 shorter and 2 longer radial horns, well defined supporting spines 
and 1—7 apical windows. 

In the same year, Hovasse (1932, p. 458) published a description of 
D. octonarius (Ehr.) Defl. on the basis of different criteria: 
"Basalring usually octagonal, but some variants possess 5 to 11 sides. 
Supporting spines sometimes absent.'' According to Hovasse, this species 
differs from D. speculum (Ehr.) Hack. only in the absence of supporting 
spines. The main criterion — the octagonal basal ring — is totally dis- 
regarded in his diagnosis. Hovasse regards forms with 8 sides and 
supporting spines as a variety of D. speculum (Ehr.) Hack. — var. 
octonarius (Ehr.) Jorg. — quite independent of D. octonarius (Ehr.) 
Defl. (Hovasse, l.c., p. 452). 


Var. polyactis (Jorg.) Gleser comb. nov. (Plate XXI, 7, 8; Figure 28, 2). 

Distephanus speculum var. octonarius f. polyactis 
Jorgensen (1899), Protophyten und Protozoen im Plankton aus der 
norwegischen Westkuste, p. 50. — D. speculum var. polyactis 
Lemmermann (1903), Nord. Plankton, 2, 2, p. 31, Figure 106; Lemmer- 
mann (1908), Nord. Plankton, 8, 21, p. 31, Figure 106; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, Figure 60; Gemeinhardt 
(1931), Deutsch. Sudpolar-Exp. 20, p. 241, Table 42, Figure 7. — 
Dictyocha speculum f. polyactis Jorg. Proshkina-Lavrenko 
(1959), Tr. BIN AN SSSR, ser. 2, Spor. rast., 12, Table 1, Figures 18, 
22 —24. 

Basal ring has diameter of 23—29u, and 9—11 sides, 5—8 uy long. 
More or less uniform radial horns are 3—5y long. Apical ring is 18—23y 
in diameter; its sides equal in number to sides of basal ring. Supporting 
spines are present. 

Distribution in the USSR: Black Sea. FOSSILS. Neogene. Far East: 
Kamchatka (Ust'-Kamchatsk area, rare); Sakhalin (northern coast of 
Shmidt peninsula, Diatom suite, very rare). 

General distribution: Norwegian Sea; Atlantic Ocean (equatorial zone). 

Note: Skeletons found in the Neogene deposits of the Far East are 
closest to the specimen from the Black Sea (Proshkina-Lavrenko, l.c., 
Table 1, Figure 22), but differ in the presence of supporting spines. 

Jorgensen (l.c.) established a new taxon, f. polyactis of Diste- 
phanus speculum var. octonarius (Ehr.) Jorg., for the specimens 
found on the western coast of Norway and possessing a skeleton with 9 
sections. Later Lemmermann (l.c.) promoted this entity to a variety of 
D. speculum (Ehr.) Hack. According to Lemmermann, this form is 
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synonymous with Dictyocha polyactis Ehr., described by Ehrenberg 
from European fossil material. The latter species is described by 
Frenguelli (1.c.) as type form of the new genus Paradictyocha Freng. 

Frenguelli and Deflandre (1950) consider this genus extinct. These 
authors do not examine the living form with a 9 —11-section skeleton, 
described as an intraspecific taxon of Distephanus speculum (Enhr.) 
Hack. 

Gemeinhardt (1934) noted that D. speculum var. octonarius 
(Ehr.) Jorg. and var. polyactis (Ehr.) Lemm. are inhabitants of warm- 
waters, while D. speculum (Ehr.) Hack. is a cold-water form. As 
already mentioned, ecological traits have been used to promote the first 
variety into a separate species. On the same grounds, var. polyactis 
should be placed in D. octonarius (Ehr.) Defl. and notin D. speculum 
(Ehr.) Hack. D. octonarius var. polyactis (Jorg.) Gleser differs 
from Paradictyocha polyactis Freng. f. polyactis (Plate XXIV, 
7—11) from the Neogene of Sakhalin in the form of the apical ring and 
basal windows, as well as in the arrangement of supporting spines. 


Var. cyrtoides (Hack.) Gleser comb. nov. (Plate XXV, 11; Figure 28, 3). 

Cannopilus cyrtoides Hackel (1887), Voyage Challenger (Zool.), 
18, 2, p. 1569, Table 114, Figures 11,12; Lemmermann (1901), Ber. 
Dtsch. bot. Ges. 19,1, ‘p. 268;,,Schulz; (1928),. Bot. Arech.:21, 2, .p, s3680 
Figure 65a—e; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.- Fl. 
10, p. 77. —C: cyrtoideés f. nonaria Schulz (1928), Bot! Arch, 2m 
2, p. 269, Figure 66; Gemeinhardt (1930), Silicofl. In: Rabenhorst's 
Krypt.-Fl. 10, p. 77. —Distephanus octonarius Deflandre (1932), 
Bull. Soc. bot. Fr., 79, Figures 8—12. — Dictyocha octonaria Ehr. 
sensu Tynan (1957), Micropaleont. 3, 2, p. 134, Table 1, Figure 21. — 
D. speculum f. cannopiloides Pr.Lavr. Proshkina-Lavrenko 
(1959);. Tr. ‘BIN AN -SSSR,.ser.,.2, Spors rasta 12,0 p. 155,\/Taniees: 
Figure 27. 

Differs from type variety in possessing two or more apical windows. 
Basal ring somewhat compressed laterally, 32 ulong, 28 uw wide. Radial 
horns are very short, about 2yu long. Large, elongated apical ring, 22 u 
long, 14u wide, bears accessory spines and is divided by one rod into 
two rounded-quadrangular apical windows. 

Distribution in the USSR: Black Sea (Bay of Sevastopol, Karkinit Gulf, 
very rare); Pacific Ocean (near southern coast of Kamchatka). FOSSILS. 
Neogene. Far East: Sakhalin (basin of Kongi and Tumi rivers, Diatom 
suite, very rare; eastern coast of Shmidt peninsula, very rare). 

General distribution: Pacific Ocean (central part, very rare). FOSSILS. 
Middle Miocene. North America (Maryland, Calvert formation). 
Middle — Late Miocene. North America (Santa Monica, California). 
Neogene (?). North America (Redondo). 

Note: The skeleton of D. octonarius var. cyrtoides (Hack.) 
Gleser which we found near the southern coast of Kamchatka is closest to 
that from the Middle— Late Eocene of Santa Monica, California (Schulz, 
l.c., Figure 65a), but differs from it in the shorter radial horns and 
presence of accessory spines. 

From a description of materials from the central Pacific, Hackel (1. c.) 
placed a form with a regular octagonal basal ring, uniform radial horns 
and 9 symmetrically grouped apical windows in the species Cannopilus 
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cyrtoides Hack. Inhis studies of fossils from the Miocene of Santa 
Monica (California) and the Neogene (?) of Redondo (North America), 
Schulz (1.c.) found that the number of apical windows varies from 2 to 6 

in forms possessing an octagonal basal ring. On these grounds, Schulz 
expanded the original diagnosis of Hackel. Deflandre (1932b) made a 
major revision of the taxonomic position of this species. Guided by his 
theoretical principles, he placed C. cyrtoides Hack. in Distephanus 
octonarius (Ehr.) Defl. A similar view was expressed by Tynan (l.c.), 
who identified as Dictyocha octonaria Ehr. a form with 5 apical 
windows from the Miocene of Maryland. In view of the proliferation of 
Cannopilus-likeforms inthe Neogene, weconsider them more correctly as 
a variety of the species Distephanus octonarius (Ehr.) Lemm. 


6. Distephanus japonicus (Defl.) Gleser comb. nov. 

Hexagonal, rarely pentagonal or heptagonal, basal ring is somewhat 
compressed laterally, and sometimes almost oval, 26—33 yu long, 

20—24 uw wide, straight, slightly concave or convex sides, 10—13 yu long. 
Two opposite radial horns, situated on the longer axis, are usually longer 
than the rest. More or less asymmetrical apical apparatus is aligned 
along the longer axis. Apical ring has fewer sides than basal ring. One 
or two apical rods from apical ring branch into short lateral rods attached 
to the basal ring near the long radial horns; lateral sides of basal ring 
are linked to apical ring by longer lateral rods. Apical ring is sometimes 
reduced. There are no supporting spines. Accessory spines are absent 
or present. Skeletal walls are smooth or denticulate. 

Note: In the Neogene of Sakhalin occur specimens analogous to Diste- 
phanus speculum f. pseudofibula Schulz (Table XXV, 6, 8) and 
D. speculum f. pseudocrux Schulz (Table XXV, 3) described by 
Schulz from the Neogene of Europe, Asia and America (Schulz, 1928, 
Figures 51, 52). Skeletons closely similar to these but lacking the coarse 
accessory spine (Table XXV, 2, 9) are identical with Dictyocha 
japonica Defl. described by Deflandre (1950, Figures 223 —226) from 
the Miocene of Japan. Deflandre notes the similarity of D. japonica 
Defl. with a reduced apical window and Distephanus speculum f. 
pseudofibula Schulz. 

The joint occurrence of Dictyocha japonica Defl., Distephanus 
speculum f. pseudocrux Schulz and f. pseudofibula Schulz in 
the Neogene of Sakhalin, and their similarity suggest that they are ina 
group of forms belonging to the same species. The presence of an apical 
window indicates a relationship with the genus Distephanus Stohr. The 
contour of the basal ring is reminiscent of D. speculum (Ehr.) Hack., 
from which these species differ in the structure of apical apparatus and 
constant lack of supporting spines. This species might have evolved from 
D. speculum (Ehr.) Hack. through a gradual reduction of the apical ring. 
Thus, the similarity of forms with a reduced apical ring to Dictyocha 
Ehr. is secondary. 


F. japonicus (Plate XXV, 2, 9). 

Dictyocha japonica Deflandre (1950), Microscopie, 2, p. 73, 
Figures 223 —226. 

Skeletons have coarse accessory spines situated at the boundary between 
apical and lateral rods. 
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Distribution in the USSR: Neogene. Far East: Sakhalin (Shmidt 
peninsula, Troptun and Longi rivers, Diatom suite, very rare). 

General distribution: Miocene. Asia (Japan, Abashiri, Tsukura, 
Wambitsu, Setanagori). 


F. pseudofibula (Schulz) Gleser comb. nov. (Plate XXV, 1, 3—8, 10). 

Distephanus speculum f. pseudofibula Schulz (1928), Bot. 
Arch. 21, 2, p. 262, Figure 5la, b; Gemeinhardt (1930), Silicofl. In: 
Rabenhorst's Krypt.-Fl. 10, p. 64, Figure 54; Deflandre (1932), Bull. 
Soc. fr. Microsc., 1, 1, Figure 46. — D. speculum f. pseudocrux 
Schulz (1928), Bot. Arch. 21, 2, p. 253, Figure 52a, b; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 64, Figure 55. — 
Dictyocha japonica Defl. Sheshukova-Poretskaya (1959), Vest. 
LGU 15, Table 4, Figure 17. 

Skeleton without accessory spines. 

Distribution in the USSR: Neogene. Far East: Sakhalin, northern 
coast of Shmidt peninsula, basin of Kongi and Tumi rivers and Lake 
Machigar, Diatom suite, very rare to abundant; western coast of Shmidt 
peninsula, Mayam-Raf suite, very rare; basin of Troptun and Longi 
rivers, frequent; southern Sakhalin, Pervomaiskoe area, Maruyama 
suite, masses; Daiiti [Daiichi] River, Maruyama suite, very rare; 
Ketovaya River, Kurashi (?) suite, very rare. 

General distribution: Sarmatian. Central Europe (Ngermegy, 
Hungary, rare). Miocene. Asia (Kittanai, Japan). Late Miocene. 
North America (Santa Monica, California). Neogene (?). North 
America (San Pedro; Redondo). 


Genus 8. Paradictyocha Freng. 


Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 2, Secc. 
Paleontol. 7, p. 69; Deflandre (1950), Microscopie, 2, p. 47. 

Polygonal basal ring has 10 or more radial horns. Apical ring is 
very large, often fused with basal ring or reduced. In the two latter 
cases, the radial horns are arranged in two rows. Lateral rods are 
short and show a tendency to reduction. Supporting spines, if present, 
are situated below the lateral rods. 

Type: Paradictyocha polyactis (Ehr.) Freng. 

Extinct marine genus. 

Note: Frenguelli (1940, p. 69) regards Paradictyocha polyactis 
(Ehr.) Freng. as type form of the genus. In his view, the absence of 
supporting spines is one of the characteristic signs of the genus, but our 
experience indicates that this feature is not constant. 


1. Paradictyocha polyactis (Ehr.) Freng. 

Polygonal basal ring is of almost regular geometrical form or elongated, 
almost oval. Radial horns are relatively short, more or less uniform. 
Diameter of basal ring is slightly greater than that of apical ring. Support- 
ing spines are rare. Basal or apical rings sometimes are reduced. 

Note: Frenguelli (1940) does not give a description of the species, but 
an idea of its scope and Synonymy can be obtained from drawings 
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(Figure 8a—e) and discussion of the variation of the skeleton (p. 52, 53), 
Frenguelli places in this species forms of widely different morphology, ; 
which he divides into two groups: f. completa with a developed skeleton, 
and f. mesocenoidea with reduced skeleton. 


F. polyactis (Plate XXIV, 7—11). 

Paradictyocha polyactis f. completa Frenguelli (1940), 
Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 7, Figures 7f, 
8a. — ?Dictyocha polyactis Ehrenberg (1839), Abhandl. Konig. 
Akad. Wiss., p. 129; Ehrenberg (1854) Mikrogeol., Table 22, Figure 50; 
Kitzing (1849), Species Algarum, p. 145. — ?Distephanus speculum 
var. polyactis Lemmermann (1901), Ber. Dtsch. Bot. Ges. 19, 1, 

p. 265;.Table 11, Figure 17. —D. speculum var. polyactis f. 
decagona, endecagona and dodecagona Zanon (1934), Acta Pont. 
Acad. Sci. Nov. Lync. 87, p. 34, Plate 1, Figures 47—48 (cited from 
Frenguelli, 1940, p. 51). — Distephanus polyactis Deflandre (1932), 
Bull. Soc. bot. Fr., 79, p. 501, Figure 40; Idem (1936), Actual. scient. 
ind. 335, p. 36, Figure 61. 

Skeleton consists of a more or less regular, 10—14-angled basal ring, 
22—46 uw in diameter, and a slightly smaller, undulate apical ring, 

18—43 uw in diameter. Radial horns, 3—8¥y long, are not always uniform. 
Lateral rods are almost perpendicular to both rings, often almost incon- 
spicuous. Basal windows are round and small. Supporting spines are 
almost equal in length to the lateral rods under which they are located. 

Distribution in the USSR: Neogene. Far East: Sakhalin (northern 
coast of Shmidt peninsula and basin of Kongi and Tumi rivers, Diatom 
suite, very rare to rare; western coast of Shmidt peninsula, Mayam- Raf 
suite, very rare; southern Sakhalin, Maruyama suite, very rare). 

General distribution: Miocene. Southern Europe (Moron, Spain; 
Sicily, Italy). 

Note: The skeletons we found in the Neogene of the Far East are closest 
to those depicted in Frenguelli (l.c.) from the Miocene of Moron, Spain, 
except the former have a more symmetrical, smaller skeleton (according to 
Frenguelli, the basal ring measures about 80 X 63 4), supporting spines 
in some specimens and a greater number of radial horns (11, according 
to Frenguelli). The same differences appear in a comparison with the 
more schematic drawings of Deflandre (l.c.). Owing to the schematic 
nature of the drawing and description of the material of Ehrenberg 
(Ehrenberg, l.c.; Kiutzing, 1. c.) from the Miocene of Silicy, it was not 
possible to determine any difference between Ehrenberg's specimens and 
our own. Lemmermann (l.c.) published a drawing analogous to that of 
Ehrenberg, but without an exact indication of the locality of the specimen; 
his description is intended to include both fossil and living forms without 
any structural details. 

The large number of radial horns connect Paradictyocha po Ly'= 
actis Freng. f. polyactis to Distephanus speculum var. 
polyactis (Ehr.) Lemm. sens. str., which occurs in present-day seas 
and was found by us in the Neogene of Sakhalin. A comparison of these 
forms shows that the undulate apical ring and the position of the supporting 
spines under the lateral rods is characteristic for P. polyactis Freng. 
f. polyactis, while representatives of the genus Distephanus have 
a polygonal apical ring with its supporting spines placed to the side of the 
lateral rods. 
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F. mesocenoidea (Defl.) Freng. (Plate XXVIII, 1). 

Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 2, Secc. 
Paleontol. 7, p. 53; Figure 8b—e: — Mesocena circulws’ var. 
apiculata Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 257, 
Table 10, Figures 9—10; Schulz (1928), Bot. Arch. 21, 2, p. 242, 

Figure 15a, c; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.- Fl. 
10, Abt. 2, p. 33, Figure 19; Zanon (1936), Acta Pont. Acad. Sci. Nov. 
Lync. 87, p. 28, Table 1, Figure 5 (cited from Frenguelli, 1940, p. 53).— 
Distephanus polyactis f. mesocenoidea Deflandre (1932), Bull. 
Soc. bot. France, 79, Figure 41, — Dictyocha polyactis f. meso- 
cenoidea Deflandre (1936), Actual. scient. ind. 335, p. 37, Figure 63, 

Skeleton consists of a single ring of irregular oval form, 83—90¥y long, 
63—73 uw wide, with 10—16 coarse radial horns, about 5yu long, arranged 
in two rows. Horns of one row alternate with those of the other row. 

Distribution in the USSR: Neogene. Far East: Sakhalin (Shmidt 
peninsula, Machigar section and basin of Kongi and Tumi rivers, Diatom 
suite, very rare to rare; southern Sakhalin, Maruyama suite, very rare). 

General distribution: Late Eocene or Early Oligocene. 
Australia (Oamaru, New Zealand). Late Oligocene — Early 
Miocene. South America (Barbados Island, Lesser Antilles). Mio- 
cene. Southern Europe (Mor6én, Spain, common); Africa (Oran, 
Algeria); Asia (Sendai and Kittanai, Honshu Island, Japan, frequent). 
Middle Miocene. Asia (Japan, Onnagawa formation, very rare). 
Middle — Late Miocene. North America (Santa Monica, California). 
Neogene (?). North America (Richmond, Lampack, Santa Barbara). 

Note: Specimens encountered in the Neogene of Sakhalin resemble those 


F illustrated in Frenguelli (l.c., Figure 8e) from the Miocene of Moron, 


Spain, but differ from skeletons found in the Miocene of Sendai, Japan 
(Schulz, 1.c., Figures 1—5a) and Late Eocene or Early Oligocene of 
Oamaru, New Zealand (Schulz, l.c., Figure 15e) in possessing an oval 
skeleton and fewer spines. 

Lemmermann (l.c.), who described these forms from the Miocene of 
Morén, Spain and the Eocene — Miocene of Barbados (Lesser Antilles), 
regarded them as a variety - Mesocena circulus Ehr. var. api- 
culata Lemm. After examining the same Spanish material, Deflandre 
concluded that this form results from a reduction of the apical ring of 
Distephanus polyactis (Ehr.) Defl. (Deflandre, 1932b) or Dictyo- 
cha polyactis Ehr. (Deflandre, 1936) and suggested that they be 
treated as mesocenalike forms of the latter species. Since these forms 
occur often as isolated specimens in fossil materials, Deflandre (193 2b) 
was inclined to retain their independent status and named them Diste- 
phanus (Dictyocha) polyactis f. mesocenoidea Defl. This 
view is reflected in the work of Frenguelli (1.c.), who transferred this 
species with all its forms to establish the genus Paradictyocha Freng. 
According to Frenguelli, the Mes ocena-like forms show two types of 
evolution: the thinner skeletons appear by a reduction of the basal or 
apical ring (Frenguelli, 1.c., Figure 8d), while the more massive ones 
develop by a fusion of the two rings (l.c., Figure 8e). The spines of the 
one row are homologous to the radial horns, while those of the other 
represent modified lateral rods. 
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Beside the above forms, Frenguelli (1940, Figure 7d) includes in this 
species f. reducida with a reduced skeleton. We have not found such 
skeletons in our material. 

Frenguelli places in the genus Paradictyocha Freng. one more 
species, namely P. apiculata Frenguelli (1940, Figure 7h), found in 
the Miocene of Sendai, Spain. However, he did not publish a diagnosis. 
This species is not represented in our material. 


Genus 9. Cannopilus Hack. emend. Defl. 


Hackel (1887), Voyage Challenger (Zool.), 18, 2, p. 1567; Deflandre 
(1950), Microscopie, 2, p. 48. 

Basal ring is polygonal or circular with radial horns in the plane of the 
basal ring or directed obliquely downward. Strongly convex apical 
apparatus, varying from hemispherical to nearly spherical, is complex 
and consists of a number of apical rods intersecting to form numerous 
apical windows. Diameter of apical ring is larger or barely smailer than 
diameter of basal ring. 

Type: Dictyocha hemisphaerica Ehr. 

Extinct marine genus. 

Note: The genus Cannopilus was divided by Hackel (1887) from the 
genus Dictyocha Ehr. According to Hackel, the genus Cannopilus 
is characterized mainly by the presence of rods which divide the central 
apical opening into several windows arranged in two rows, one above the 
other. 

On the basis of the number of apical windows and sides of the basal ring, 
Hackel described 5 species: 2 extinct and 3 living in present-day seas. 

Using the same principles, Lemmermann (1901a, b) described 3 
more species of this genus. 

Following Lemmermann's classification, Schulz (1928) notes, neverthe- 
less, that the presence of transverse partitions of the apical window is not 
always a taxonomic sign. He considers the skeletons of Distephanus 
crux var. stauracanthus (Ehr.) Lemm. (Schulz, l.c., p. 260, 

Figure 49a, b) and var. mesophthalmus (Ehr.) Lemm. (Schulz, l.c., 

p. 257, Figure 46g) with two apical windows as anomalies and not separate 
from the respective varieties of D. crux (Ehr.) Hack. While the separa- 
tion of such forms is an independent species (Cannopilus bipartitus 
Lemm.) has no basis, it appears that the skeletons with two or even 4 apical 
windows (Schulz, l.c., p. 257, Figure 46h) found in diatomites of the 
Sarmatian of Hungary represent intermediate forms between the genera 
Distephanus Stohr and Cannopilus Hack. 

Gemeinhardt (1930, p. 72) first noted in present-day seas double 
skeletons in which one-half is an exact replica of the genus Distephanus 
Stohr, while the apical ring of the other half is divided by partitions as 
in the genus Cannopilus Hack. He attributed this phenomenon to chance 
or atavism, but neither is a basis for invalidating the genus Cannopilus 
Hack., so widespread in the past. 

An opposite view is held by Deflandre (1932b), who wrote in an early 
taxonomical study that the species of Distephanus Stohr. emend. Hack. 
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can be represented by forms whose apical window is divided by several 
rods. Deflandre illustrates this statement with drawings of various forms 
of Distephanus crux (Ehr.) Hack. (Deflandre, 1.c., Figures 2—12), 
D. octonarius (Ehr.) Defl. (Deflandre, l.c., Figures 7—12) and 

D. speculum (Ehr.) Hack. (Deflandre, l.c., Figures 14—20), which 
are frequent in the deposits of Redondo, California, and other localities. 

According to Deflandre, the genus Cannopilus probably consists of 
only one species —C. sphaericus Gem. (Gemeinhardt, 193 1b). 

Deflandre's concepts were later developed by Frenguelli (1940). 

Frenguelli places in the genus Cannopilus Hack. forms possessing 
a hexagonal to octagonal basal ring with radial horns directed obliquely 
downward and with 6 or more symmetrically situated apical windows. 
Forms whichdo not show these signs represent Cannopilus-like variants 
of different species of Dictyocha Ehr. Frenguelli regards Cannopilus 
hemisphaericus (Ehr.) Hack. as type form of the genus, although the 
radial horns of this species lie in the plane of the basal ring. 

Deflandre (1950), who criticized Frenguelli's diagnosis of the genus, 
characterizes the genus Cannopilus mainly by the spherical or 
hemispherical form of the apical apparatus and the absence of supporting 
spines. In his view, the symmetrical arrangement of the apical windows 
and the direction of the radial horns are not determinative signs. 

In addition, Deflandre (1950) notes that the radial horns of the genus 
Cannopilus are curved asa rule. In his later diagnoses of the genus 
he adds that the radial horns form an angle with the plane of the basal 
ring (Deflandre, 1952a, b). According to Deflandre (1950), C. sphae- 
ricus Gem. is the type form of the genus. 


Key to Species of the Genus Cannopilus 


I. Skeleton spherical; radial horns directed obliquely downward from 
juanie'of aed Ting. Sos Oe, Oe . . C. sphaericus 2. 

II. Skeleton hemispherical; radial horns situated in plane of basal ring 
Pe Sera ES 2". oO SO Fo ae “Canes pee mcre a 


1. Cannopilus hemisphaericus (Ehr.) Hack. emend. Gleser (Plate XXVI, 
1—5; Plate XXVII, 1—4). 

Cannopilus hemisphaericus Hackel (1887), Voyage Challenger 
(Zool.), 18, 2, p. 1569; Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 
1, p. 268, Table 11, Figure 21; Lemmermann (1903), Nord. Plankton, 

2, 2, p. 32, Figure 107; Gemeinhardt (1930), Silicofl. In: Rabenhorst's 
Krypt.-Fl. 10, 2, p. 76, Figure 64; Deflandre (1950), Microscopie, 2, 
Figure 94; Desikachary and Macheshwari (1956), J.Ind. Bot. Soc. 35, 3, 
p. 261, Text-figure 19. —C. hemisphaericus f. polyommata 
Schulz (1928), Bot. Arch. 21, 2, p. 268, Figure 64a. — ?C. cyrtoides 
Hack. sensu Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.- Fl. 

10, Figure 64. — ?C. calyptra var. spinosa Lemmermann (1901), 
Ber. Dtsch. bot. Ges. 19, 1, p. 267, Table 11, Figure 24. — Dictyocha 
hemisphaerica Ehrenberg (1844), Ber. Verhandl. Konig. Akad. Wiss., 
p. 266. 
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Basal ring is quadrangular, hexagonal, septagonal or octagonal, or 
sometimes almost oval, 22—50u in diameter. Radial horns, 9—15y 
long, lie in the plane of the basal ring. Supporting spines are lacking. 
Apical apparatus is hemispherical with 6 or more windows, its diameter 
subequal or slightly smaller than that of the basal ring. 

Distribution in the USSR: Late Eocene. Western Siberia: Taz 
peninsula, very rare; eastern slope of the Urals, Irbit suite, very rare to 
rare (Ivdel' area); Lower Ob area, Lyulimvor suite, very rare (Malyi 
Atlym village); Middle Ob area, Lyulimvor suite, very rare to rare (basin 
of Parabel' and Chuzik rivers; Vasyugan River). Late Eocene — Early 
Oligocene (?). Western Siberia: Taz peninsula, very rare (Upper and 
Srednaya Khadyta rivers). Early Oligocene (?). European part: 
Ukrainian SSR, Kharkov (?) suite, very rare (left bank of the Dnieper, 
north of Nizhne-Dneprovskii Uzel station). Neogene. Far East: 
Sakhalin (Shmidt peninsula, Diatom suite, very rare). 

General distribution: Miocene. Asia (Nankoori, India); North 
America (California). Sarmatian. Central Europe (Hungary). 
Neogene (?). North America: Bermuda. 

Note: The finding in present-day plankton of the Atlantic Ocean 
(Lemmermann, 1903, 1908, p. 32, Figure 108) requires confirmation. 
The specimen found by Lemmermann near Bermuda apparently originates 
from the deposits on these islands. 

The genus Dictyocha hemisphaerica Ehr. was established by 
Ehrenberg (1.c.) from fossil material found in the Neogene (?) deposits of 
Bermuda. After studying recent forms from the North Atlantic, Hackel 
(1887, p. 1569) established that this species belongs to the genus Canno - 
pilus. Judging from the description, however (no drawing is published), 
it appears that Hackel actually dealt with skeletons of the group of Diste- 
phanus speculum (Ehr.) Hack. 

Lemmermann (1901b, Table 2, Figure 21) published the first schematic 
drawing of this species, but did not indicate the source of his material. 

Schulz (1. c.) and Gemeinhardt (1. c.) include in this species skeletons 
found in the Miocene of Hungary and the Neogene (?) of North America 
possessing a hemispherical apical apparatus and hexagonal basal ring. 

For the form with numerous apical windows Schulz established a separate 
taxon, f. polyommata. However, since the number of apical windows 
is not a stable sign, Gemeinhardt held that it should not be used for 
establishing a new form. He points out (Gemeinhardt, l.c., p. 77) that 
among skeletons of Cannopilus cyrtoides Hack. with an octagonal 
basal ring there are forms with a strongly convex, hemispherical skeleton 
similar to C. hemisphaericus (Ehr.) Hack. The form drawn by 
Gemeinhardt (l.c., Figure 64) from Hungary apparently is such a form. 

In the Late Eocene of Western Siberia we found morphologically similar 
skeletons differing only in the number of sides of the basal ring. Since 
this sign is not regarded as constant (Deflandre, 1950), we are inclined to 
unite all the skeletons encountered in a single species. These specimens 
are closest to C. hemisphaericus (Ehr.) Hack. The West Siberian 
Paleogene form differs from those described from the Miocene of Hungary 
(Schulz, 1.c.; Gemeinhardt, 1.c.) and India (Desikachary and Macheshwari, 
l.c.) in possessing radial horns of equal length and no accessory spines. 
Further research may establish the Eocene form as a separate taxon. 
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The (poorly preserved) specimen from the Miocene of Sakhalin differs 
from the Siberian forms in having an oval basal ring and a greater number 
of apical windows. 


2. Cannopilus sphaericus Gem. (Plate XXVII, 5). 

Gemeinhardt (1931), Ber. Dtsch. Bot. Ges. 49, p. 104, Figures 3, 4; 
Frenguelli (1940), Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 
7, Figure 6e; Deflandre (1950), Microscopie, 2, Figures 95, 96. 

Basal ring is polygonal, 40 uin diameter. Radial horns, about 22 u 
long, are directed downward obliquely to the plane of the basal ring. Apical 
apparatus is almost spherical with greater diameter than basal ring, about 
564. There are numerous apical windows. Coarse accessory spines, 

13 w long, are present. 

General distribution: Miocene. Central Europe (Hungary, very rare); 
North America (California). Neogene (?). North America (Redondo, 
California). 


Genus 10. Mesocena Ehr. emend. Defl. 


Ehrenberg (1840), Ber. Verhandl. Konig. Akad. Wiss., p. 208; 
Deflandre (1932), Bull. Soc. bot. France, 79, p. 497; Frenguelli (1940), 
Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 7, p. 69; 
Deflandre (1950), Microscopie, 2, p. 47. 

Skeleton consists of an elliptic, triangular or polygonal basal ring 
with or without a single row of radial horns. Apical apparatus and support- 
ing spines are absent. 

Type: Mesocena.circulus,Ehbr. 

Extinct (?) marine genus. 

Note: Not only Ehrenberg (1840—1854) and Lemmermann (1901b, 1908), 
but also Schulz (1928) and Gemeinhardt (1930) are guided entirely by 
morphological criteria in their descriptions of the species, varieties and 
forms of the genus Mesocena. These authors do not consider the 
origin of the different forms, although Gemeinhardt has establisheda « 
link between some forms of Mesocena (M. Polymorpha var. 
bioctonaria (Ehr.) Lemm., var. binonaria (Ehr.)-Lemm.) with 
Distephanus speculum (Ehr.) Hack. s.1. 

In a critical review of the genus, Deflandre (1932b) removed from 
Mesocena all the forms whose skeleton represents an undeveloped 
skeleton of species of Distephanus Stohr. Later Frenguelli (1940) 
removed from Mesocena the Mesocena-like forms of the genus 
Paradictyocha Freng. 

According to Deflandre (1932b, 1950), the genus Mesocena consists 
of the following 3 species: M. elliptica Ehr. emend Defl., M. oama- 
ruensis Schulz, and M. apiculata (Schulz) Defl. Frenguelli (1940) 
published the first amended description of the genus, taking M. elliptica 
Ehr. emend. Defl. as type form. 

The species of Mesocena Ehr. require further study. 
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Key to Species of the Genus Mesocena 


I. Radial horns present. 
1. Basal ring of irregular geometrical form with strongly convex sides 
ParGs, <oeteees ewes. Notes. we li 5. ead & M. elliptica 2. 
2. Bagal ring of more or less regular geometrical form. 
A. Basal ring an isosceles triangle with a short base . 
i} BeoRemnettnl (| .e3BR hed Abe os fst > ; steeM.. aft. sricndate 1. 
B. Badal ring round or elliptical with alternating long and short 


facial lorns icon anbia Sedaris ibs. sated. os M. stellata 6. 
II. Radial horns absent. 
it bdealifingrpand er ellipticalissadA seco es Bias é M. circulus 5. 
2. Basal ring triangular. 
A. Basal ring with round corners ..... . .M. oamaruensis 4. 


B. Basal ring with elongated, bluntly truncated corners. ..... 
OSS wpe eei: Auede pest Jfontidus s comets 22 MM) muticatasd:. 


oogs 1. Mesocena aff. apiculata (Schulz) Defl. (Plate XXVIII, 5; Plate XXIX, 
9;) Plate XXXII, .7). 

Basal ring is an isosceles triangle with convex lateral sides, 40— 60y 
long and straight base, 25—50ulong. Radial horns are 4—7 wu, sometimes 
of unequal size: the horn departing from the apex is usually larger than the 
other two, which are often barely visible. Skeletal walls are clearly 
dentate. Canal is relatively narrow and distinct. 

Distribution in the USSR: Early Paleocene. Western Siberia: 
eastern slope of the Urals, Talitsa suite, very rare to frequent (Loz'va 
River near the village of Pristan'; Ivdel', Serov and Makhnevo areas). 
Late Eocene. Central Asia: Aral-Caspian area, basin of Irgiz River, 
upper part of Tas-Aran suite, very rare (Uzen'-Kairakty River). 

General distribution: Found in the USSR only. 

Note: In the form of the basal ring, specimens of the Paleocene of the 
eastern slope of the Urals resemble slightly M. apiculata (Schulz) Defl. 
from the Calvert formation of the Middle Miocene of California (Tynan, 
1957, Table 1, Figure 10). They differ, however, in the almost regular 
symmetry of the basal ring and the unequal length of the radial horns. 
Specimens of the Late Eocene deposits of Uzen'-Kairakty River differ 
from the form described by Schulz (1928, p. 240, Figure 11) from Oamaru 
in possessing an isosceles basal ring and dentate skeletal walls. 

According to Schulz, the latter feature is characteristic of M. poly - 
morpha var. triangula (Ehr.) Lemm., which differs in the regular 
geometrical form of the skeleton. Schulz regards the regular geometrical 
form of the skeleton as one of the differences between M. oamaruensis 
Schulz s.l. and M. polymorpha Lemm. sens. lat. Deflandre (1932b, 
p. 499, Figures 34, 35) proposed that M. oamaruensis var. apiculata 
be considered as a separate species — M. apiculata (Schulz) Defl., 
which is characterized by the one-sided position of the radial horns. 
Deflandre's diagnosis does not fit the forms from the Paleogene deposits 
of Uzen'-Kairakty River or M. oamaruensis var. apiculata Schulz 
in the original drawing by Schulz. 

The scarcity of material prevents drawing any conclusion as to the 
taxonomic position of this form. 
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2. Mesocena elliptica Ehr. emend. Defl. (Plate XXIX, 1—7; Plate XXX, 
1—5). 

Deflandre (1932), Bull. Soc. bot. Fr., 79, p. 497, Figures 21—29; 
Deflandre (1950), Microscopie, 2, Figures 75—80; Frenguelli (1940), 
Revista Mus. La Plata, Nuev. ser., 2, Secc. Paleontol. 7, Figure 9a—e; 
Zhuze (1955), Bot. Otd. spor. rast. BIN AN SSSR, 10, p. 80, Figures 8, 9; 
Proshkina- Lavrenko (1959), Tr. BIN AN SSSR, seriya 2, Spor. rast. 12, 
p. 156, Table 1, Figure 1 (?). — M. elliptica Ehrenberg (1854), Ber. 
Verhandl. Konig. Akad. Wiss., p. 208;Ehrenberg (1854), Mikrogeol., 
Table 20, Figure 44a. — M. triangula Ehrenberg (1840), Ber. Verhandl. 
Konig. Akad. Wiss., p. 208; Ehrenberg (1854), Mikrogeol., Table 22, 
Figure 41. — M. heptagona Ehrenberg (1843), Abhandl. Konig. Akad. 
Wiss., p. 417, Tables 1, 3, Figure 26; Ehrenberg (1854), Mikrogeol., 
Table 22, Figure 49. — M. octogona Ehrenberg (1843), Abhandl. Konig. 
Akad. Wiss., p. 417, Tables 1, 3, Figure 23. —?M. bisoctonaria 
Ehrenberg (1845), Ber. Verhandl. Konig. Akad. Wiss., p. 78; Ehrenberg 
(1854), Mikrogeol., Table 35A, gr. 18-B, Figure 10. — ?M. binonaria 
Ehrenberg (1845), Ber. Verhandl. Konig. Akad. Wiss., p. 78; Ehrenberg 
(1854), Mikrogeol., Table 35 A, gr. 18-B, Figure 9. — M. quadrangula 
Ehrenberg (1873), Abhandl. Konig. Akad. Wiss. Berlin, p. 145. — 

M. nonaria Ehrenberg, Ibid., p. 163. — M. diodon Ehrenberg (1844), 
Ber. Verhandl. Konig. Akad. Wiss., p. 84; Ehrenberg (1854), Mikrogeol., 
Table 33, gr. 15, Figure 18. — M. pentagona Hackel (1887), Voyage 
Challenger (Zool.), 18, 2, p. 1556. — M. crenulata var. diodon 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 255, Table 10, 
Figure 1; Schulz (1928), Bot. Arch. 21, 2, p. 236, Figure la, b; Gemein- 
hardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 26, Figure 10a, b; 
Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, Figure 4. — M. crenu- 
lata var. elliptica Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, 
p. 255; Schulz (1928), Bot. Arch. 21, 2, p. 236, Figure 2; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 27, Figure 11. — 

M. polymorpha var. triangula Lemmermann (1901), Ber. Dtsch. 
bot. Ges. 19, 1; p. 255, Table 10, Figures 3, 4; Schulz (1928), Bot. 
Arch. 21, 2, p. 237, Figure 3a; Gemeinhardt (1930), Silicofl. In: 
Rabenhorst's Krypt.-Fl. 10, p. 28, Figure 12c; Deflandre (1932), Bull. 
Soc. fr. Microsce., 1, 1, Figure 5; Desikachary and Macheshwari (1956), 
J. Ind. Bot. Soc. 35, 3, p. 355, Text-figure 7, Table 13, Figure 1. — 

M. polymorpha var. quadrangula Lemmermann (1901), Ber. 
Dtsch. bot. Ges. 19, 1, p. 256, Table 10, Figures 5—7; Lemmermann 
(1903), Nord. Plankton, 2, 2, p. 26, Figure 89; Schulz (1928), Bot. 

Arch. 21, 2, p. 237, Figure 4a—c; Gemeinhardt (1930), Silicofl. In: 
Rabenhorst's Krypt.-Fl. 10, p. 29, Figure 13; Deflandre (1932), Bull. 
Soc. frang. microscopie, 1, 1, Figure 6; Cleve-Euler and Hessland 
(1948), Bull. Geol. Inst. Upsala, 32, p. 179, Table 16, Figure 79; 
Desikachary and Macheshwari (1956), J. Ind. Bot. Soc. 35, 3, p. 258, 
Text-figures 1, 3, 5, Table 13, Figure 2; In: Stratigrafiya mezozoya.. ., 
(1957), Table 135, Figure 15. —M. polymorpha var. pentagona 
Lemmermann (1901), Ber. Dtsch. bot. Ges. 19, 1, p. 256, Table 10, 
Figure 7; Schulz (1928), Bot. Arch. 21, 2, p. 238, Figure 5; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 30, Figure 14; 
Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, Figure 8; Ichikawa (1956), 
Sci. Rept. Kanazawa Univ. 5, 1, Text-figure 2. —M. polymorpha 
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var. hexagona Lemmermann (1901), Ber. Dtsch. bot. Ges. LOMA: 
p. 256; Schulz (1928), Bot. Arch. 21, 2, p. 238, Figure 6a (?); 
Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 30, 

Figure 15 (?); Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, Figure7(?); 
Ichikawa (1956), Sci. Rept. Kanazawa Univ. 5, 1, Text-figure 4. — 

M. polymorpha var. hexagona f. septenaria Schulz (1928), 

Bot. Arch. 21, 2, p. 238, Figure 7. — M. polymorpha var. hexagona 
f. octonaria Schulz (1928), Bot. Arch. 21, 2, p. 240, Figure 8a, b. — 
Lithocircus triangularis Stohr (1880), Palaeontogr. 26, 4, p. 121, 
Table 7, Figure 10. — Dictyocha triacantha var. hastata Lemm. 
sensu Cleve-Euler and Hessland (1948), Bull. Geol. Inst. Upsala, 32, 

p. 179, Table 14, Figure 78. 

Basal ring is of irregular geometrical form — rounded-square, irregu- 
larly elliptical, rounded-triangular or triangular, 25 —85 yu long and 
20—60yu wide, with strongly convex sides. Radial horns numbering 2, 3 
or 4 are often unequal in length, from 3 to 154, sometimes are absent. 
Skeletal walls are smooth or dentate. 

Distribution in the USSR: Eocene — Early Oligocene (?). 
Western Siberia: basin of Tura River, a tributary of the Tobol (Tyumen; 
Luchinkino village); basin of Tavda River, a tributary of the Tobol 
(villages of Kuznetsovo and Kamensko-Gusel'nikovo); Middle Ob area 
(Vakh River, Lar'yak village). Early Oligocene (?). Western 
Siberia: Taz peninsula, very rare to frequent (Khabirutta and En-Yakha 
rivers); Pelym River basin, Chegan suite, very rare to rare (Burmantovo 
village). Late Oligocene. Central Asia: Aral-Caspian area, Karagie 
suite, Mangyshlak peninsula. Early Miocene. European part: 
Crimea (Taman peninsula). 

General distribution: Eocene. Northern Europe (Sweden, Bay of 
Ahus). Late Oligocene — Early Miocene. South America 
(Lesser Antilles, Barbados). Aquitanian-Burdigalian stage. 
Southern Europe (Mor6én, Spain). Miocene. Southern Europe (Greece; 
Sicily, Italy); Central Europe (Hungary); Africa (Oran, Algeria); Asia 
(Nankoori, India); North America (Santa Monica, California). Neo- 
gene (?). North America (Santa Maria; Redondo; Richmond; Maryland, 
etc.). 

Note: Skeletons of this species from the Paleogene of Western Siberia 
and Mangyshlak are distinguished by a wide variation in the contour of the 
basal ring, although the number of their radial horns never exceeds 4. 
Some of these specimens resemble those described by Schulz (1928, 
Figures 1b, 2, 3a) from the Neogene of Richmond and Nottingham (North 
America) and Zante (Greece). 

Deflandre (1932b) united in one species Mesocena elliptica Ehr. 

a number of forms, described by Ehrenberg (l.c.) as numerous separate 
species of the genus Mesocena and treated by Lemmermann (1901b) 
and other taxonomists as varieties of two species: M. polymorpha 
Lemm. and M. crenulata Ehr. Deflandre's work lacks a diagnosis or 
synonymy of M. elliptica Ehr., and only mentions a few species 
established by Ehrenberg and regarded by Lemmermann (1901b) as 
varieties of M. polymorpha Lemm. Deflandre stresses the poly- 
morphism of the species, noting that it has a variety of forms bearing a 
different number of radial horns (from 2 to 9). This feature is shown in 
illustrations, but data are not given on the distribution of the species in 
this work. 
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3. Mesocena muticata Gleser (Plate XXVIII, 4). 

Glezer (1964), Novosti sist. nizsh. rast., p. 58, Table 2, Figure 11. 
Basal ring is more or less regular equilateral triangle with slightly 
concave sides, 75—86yu long, and somewhat produced, bluntly truncated 

corners. Skeletal walls are dentate. 

Distribution in the USSR: Early Oligocene (?). European part: 
left bank of the Dnieper, north of Nizhne-Dneprovskii Uzel' station, very 
rare. 

General distribution: Found in the USSR only. 

Note: Differs from M. oamaruensis Schulz in the elongated, bluntly 
truncated corners, which are somewhat reminiscent of Dictyocha 
archangelskiana (Schulz) Gleser; but the marked difference includes 
total absence of apical apparatus and supporting spines. 


4. Mesocena oamaruensis Schulz (Plate XXVIII, 3). 

Schulz (1928), Bot. Arch. 21, 2, p. 240, Figure 10a, b; Gemeinhardt 
(1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, p. 34, Figure 20; 
Deflandre (1932), Bull. Soc. fr. Microsc., 1, 1, Figure 11. 

Basal ring is an equilateral triangle with straight or concave sides, 
66—70u long, and round corners. 

Distribution in the USSR: Late Eocene. Central Asia: Aral- 
Caspian area, basin of the Irgiz, upper part of Tas-Aran suite, very 
rare (Uzen'-Kairakty River). Early Oligocene (?). European part: 
left bank of the Dnieper, north of Nizhne-Dneprovskii Uzel station, 
Kharkov (?) suite, very rare. 

General distribution: Late Eocene. North America (California), 
Late Eocene or Early Oligocene. Australia (Oamaru, New 
Zealand). 


5. Mesocena circulus Ehr. (Plate XXIX, 8). 

Ehrenberg (1840), Ber. Verhandl. Konig. Akad. Wiss., p. 208; Ehren- 
berg (1854), Mikrogeol., Table 19, Figure 44; Lemmermann (1901), 

Ber. Dtsch. bot. Ges. 19, 1, p. 257, Schulz (1928), Bot. Arch. 21, 2, 
p. 242; Gemeinhardt (1930), Silicofl. In: Rabenhorst's Krypt.-Fl. 10, 
p. 33, Figure 18. 

Skeleton consists of round or oval basal ring, 72 u long, 60 yu wide, 
with dentate walls. 

Distribution in the USSR: Sea of Japan (Peter the Great Bay). FOSSILS. 
Eocene. European part: Volga area (Kuznetsk). Late Eocene. 
Western Siberia: Taz peninsula, very rare. Late Eocene — Early 
Oligocene (?). Eastern slope of the Urals, lower part of Chegan suite, 
very rare (Ivdel' area). 

General distribution: Early Eocene. Western Europe (Denmark, 
Mors Island). Late Eocene — Early Miocene. South America 
(Lesser Antilles, Barbados). Miocene. Southern Europe (Italy; Greece); 
Asia (Sendai, Honshu Island, Japan). 

Note: Similar in dimensions to specimens described by Ehrenberg 
(1854) from the Neogene deposits of Greece, but differs in the oval form. 
Larger than skeletons found by Schulz (l.c.) in the deposits of Kuznetsk 
and by Lemmermann (1. c.) in Greece and Italy. Gemeinhardt (l.c.) regards 
the establishment of M. circulus Ehr. as superfluous in view of its close 
similarity to M. crenulata Ehr. It should be remembered that 
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Ehrenberg described the latter species after M. circulus Ehr.; more- 
over, no drawing was published. Deflandre (1932b) notes that skeletons 
analogous to the schematic drawing in Schulz (l.c.) are fairly common in 
the diatomites of Sendai, Japan. He does not believe that these are 
silicoflagellates. 

The morphology of the skeletons encountered in the lower part of the 
Chegan suite of the eastern slope of the Urals indicates without doubt that 
these belong to the silicoflagellates. 


6. Mesocena stellata Hack. (Plate XXVIII, 2). 

Hackel (1887), Voyage Challenger (Zool.), 18, 2, p. 1557, Table 101, 
Figure 9. — M. circulus var. stellata Lemmermann (1901), Ber. 
Dtsch. bot. Ges. 19, 1, p. 257; Gemeinhardt (1930), Silicofl. In: 
Rabenhorst's Krypt.-Fl. 10, p. 34. 

Basal ring is circular or oval, 42—45y long, 37—40u wide. Radial 
horns, situated in one plane, number 12—14; longer horns measuring 
9—10 yu alternate with shorter ones, 4—5uy long. 

Distribution in the USSR: Neogene. Far East: Sakhalin (Shmidt 
peninsula, basin of the Kongi and Tumi rivers, very rare). 

General distribution: Pacific Ocean (central part). 

Note: Alternation of long and short radial horns is reminiscent of the 
skeletons of M. stellata Hack. we described from the Pacific Ocean, 
but differs from it in the slightly larger size of the basal ring and the 
smaller amount of radial horns (according to Hackel, the respective 
figures are 30yu and 16 horns). 

Deflandre (1932b) assumed that M. circulus var. stellata (Hack.) 
Lemm. (= M. stellata Hack.) should be removed from the genus 
Mesocena Ehr. This hypothesis can be confirmed or rejected after 
more material becomes available. 
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PLATE I 


1—Vallacerta hortonii Hanna. Eastern slope of the Urals, Pristan' village on Loz‘va River (well 268, 
83.8—88.0 m), Slavgorod suite, Santonian-Campanian; 2—V. simplex Jousé. Eastern slope of the Urals, 
Bol'shoi Aktai River, Upper Cretaceous (Zhuze, 1949a); 3—6 —V. tumidula Gleser. Eastern slope of 
the Urals, Verkhotur'e area (well 13, 24.9 m), Slavgorod suite, Santonian-Campanian; 7—V. hannai 
Defl. California, Moreno formation, Upper Cretaceous (Deflandre, 1950). 
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PLATE II 


1,2,4—Lyramula simplex Hanna. Eastern slope of the Urals, Nes'-Yugan River, Santonian-Campanian; 
3,5—7 — L. furcula Hanna. Eastern slope of the Urals, Verkhotur'e area (well 13, 24.9 m), Slavgorod 
suite, Santonian-Campanian. 
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1—Cornua aculeifera Defl. Eastern slope of the Urals, Serov area (well 771, 120,6 m), Slavgorod 
suite, Santonian-Campanian; 2,6—C. poretzkajae Gleser (2—view from side, 6 — from below). 
Eastern slope of the Urals, Verkhotur'e area (well 13, 25.2 m), Slavgorod suite, Santonian-Campanian; 
3-5 —C. trifurcata Schulz. Eastern slope of the Urals, Verkhotur’e area (well 13, 26.0 m), 
Slavgorod suite, Santonian-Campanian. 


PLATE Ill 
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PLATE IV 


1—6—Dictyocha triacantha Ehr. var. triacantha f, triacantha (2—4, 6 — view from above, 
1, 5—from below); 1—basin of Irgiz River, right bank of the Uzen'-Kairakty, upper part of Tas-Aran suite, 
Late Eocene; 2— Dnepropetrovsk (well 12, 35.7—39.0 m), Kharkov (?) suite; 3—5 — eastern slope of the 
Urals, Serov area (well 771, 15.5 m), lower part of Talitsa suite, Early Paleocene; 4—eastern slope of 
the Urals, Ivdel' area (well 130, 137.3 m), Irbit suite, Middle Eocene (?); 6 — eastern slope of the Urals, 
Makhnevo area (well 1482, 34.8 m), lower part of Talitsa suite, Early Paleocene. 
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PLATE V 


1—4 —Dictyocha triacantha Eh, var, triacantha f. triacantha (view from below); 1—basin 
of Irgiz River, right bank of Uzen'-Kairakty, upper part of Tas-Aran suite, Late Eocene; 2—Middle Volga 
area, Ul'yanovsk Region, Sengilei, Granoe Ukho quarry, Kamyshin bed; 3,4 —Oamaru, New Zealand, - 
Late Eocene or Early Oligocene. 5,6,8,10—D. t. var. flexuosa (Stradner) Gleser (view from below): 

5 — Ukrainian SSR, Krasnyi Oskol village, Kharkov (?) suite; 6, 8 — basin of Irgiz River, right bank of 
Uzen'-Kairakty, upper part of Tas-Aran suite, Late Eocene; 10 —Mangyshlak peninsula, Karagie suite, 
Late Oligocene. 7,9—D.t. var. triacantha f. minor Schulz (view from below): 7—Oamaru, New 
Zealand, Late Eocene or Early Oligocene; 9—Middle Volga area, Ul'yanovsk Region, Sengilei, Granoe 
Ukho quarry, Kamyshin strata, Early Eocene. 
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PLATE VI 


1—Dictyocha triacantha var. apiculata f. late-radiata Schulz (view from below), Eastern 
slope of the Urals, Loz'va River, Pristan' village (well 268, 88.0—96.8 m), Slavgorod suite, Santonian- 
Campanian; 2—4 —D.t. var. apiculata f. minor Schulz, Eastern slope of the Urals, Ivdel' area 
(well 130, 74.5 m), Irbit suite, Late Eocene; 5—D.t. var. apiculata Lemm. f. apiculata. Eastern 
slope of the Urals, Makhnevo area (well 1482, 34.8 m), lower part of Talitsa suite, Early Paleocene; 

6—8 — D. t. var. hastata Lemm. (6,8—view from above, 7—from below); 6,7 — eastern slope of the 
Urals, Makhnevo area (well 1482, 34.8 m), lower part of Talitsa suite, Early Paleocene; 8 — Middle Volga 
area, Ul'yanovsk Region, Sengilei, Lower Syzran bed, Early Paleocene. 
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PLATE Vil 


1—8 —Dictyocha triacantha var. hastata Lemm.; 1,4, 5, 8—view from below, 2,3, 6, 7—from 
above: 1 —basin of Irgiz River, right bank of Uzen'-Kairakty, upper part of Tas-Aran suite, Late Eocene; 
2 —eastern slope of the Urals, Ivdel' area (well 139, 74.5 m), Irbit suite, Late Eocene; 3, 5—8 — eastern 
slope of the Urals, Makhnevo area (well 1482, 34.8 m), lower part of Talitsa suite, Early Paleocene; 
4—Oamaru, New Zealand, Late Eocene or Early Oligocene. 
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PLATE VIII 


1,2—Dictyocha triacantha var. inermis Lemm. f. inermis (view from below); 1 — eastern slope 
of the Urals, Makhnevo area (well 1482, 34.8 m), lower part of Talitsa suite, Early Paleocene; 2 — eastern 
slope of the Urals, Verkhotur'e area (well 13, 25.2 m), Slavgorod suite, Santonian-Campanian. 3—5 —D. t. 
var. inermis f. minor Gleser (3, 5— view from below, 4—from above). Eastern slope of the Urals, 

Ivdel' area (well 564, 172.7 m), lower part of Talitsa suite, Early Paleocene. 6, 7—D. archangelskiana 
(Schulz) Gleser (6 — view from above, 7 — from below); 6 —Oamaru, New Zealand, Late Eocene or Early 
Oligocene; 7— eastern slope of the Urals, Ivdel' area (well 564, 163.0 m), lower part of Talitsa suite, 

Early Paleocene. 
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PLATE IX 


1—Dictyocha ausonia Defl. Sakhalin, western coast of Shmidt peninsula, Mayam-Raf suite, Neogene; 
2—D. bimucronata (Defl.) Tsumura. Kharkov Region, Staroverovka village, Kharkov (?) suite, Early 
Oligocene (?); 3—D. aff. fibula var. rhombus (Hack.) Lemm, (view from below). Basin of Irgiz 

River, right bank of Uzen'-Kairakty, upper part of Tas-Aran suite, Late Eocene; 4, 5—Dictyocha 
navicula Ehr. (4—view from below, 5— from above); 4— eastern slope of the Urals, Ivdel’ area 

(well 564, 51.0 m), Serov suite, Early Eocene; 5—Middle Volga area, Sengilei, Granoe Ukho quarry, 
Kamyshin bed, Early Eocene. 6—Phyllodictyocha schulzii Defl. (view from below). Lesser 
Antilles, Barbados Island, Late Eocene— Early Miocene; 7—Corbisema geometrica Hanna, 
California, Moreno formation, Upper Cretaceous (Deflandre, 1950). 
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PLATE X 


1,4—Dictyocha elata Gleser var. elata (1—view from below, 4— from above), Eastern slope of the 
Urals, Serov area (well 771, 15.5 m), Irbit suite, Late Eocene; 2,3,5—D. elata var. media Gleser 

f. media (2,3 —view from below, 5—from above). Southern part of Taz peninsula, right bank of En- 
Yakha River, Early Oligocene (?); 6—8 —D. spinosa (Defl.) Gleser (view from above): 6, 8 — basin of 
Irgiz River, right bank of Uzen'-Kairakty , upper part of Tas-Aran suite, Late Eocene; 7 — southern part 

of Taz peninsula, right bank of En-Yakha River, Early Oligocene (?). 9—D. elata var. media f. 
reducta Gleser (view from below). Southern part of Taz peninsula, right bank of En- Yakha River, Early 
Oligocene (?); 10—D. lamellifera var. hastata Gleser (view from below), Eastern slope of the Urals, 
Seroy area (well 762, 27.0 m), Serov suite, Early Eocene; 12—D. hexacantha Schulz (view from above). 
Left bank of Dnieper, Nizhne-Dneprovskii Uzel station (well 12, 32.0—35.7 m), Kharkov (?) suite, Early 
Oligocene (?); 11,138,14—D. lamellifera Gleser var. lamellifera (13 —view from side, detail; 

11, 14 —from below): 11 —skeleton without supporting spines; 14 —skeleton with supporting spines. Eastern 
slope of the Urals, Ivdel' area (well 564, 75.5 m), Serov suite, Early Eocene. 15—-17—D. lamellifera 
var. constricta Gleser (15,17 —view from below, 16 — from above); 15—Middle Volga area, Ul'yanovsk 
Region, Sengilei, Granoe Ukho quarry, Kamyshin bed; 16, 17 —eastern slope of the Urals, Ivdel’ area 

(well 564, 18.0 m), Serov suite, Early Eocene. 
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PLATE XI 


1—7 —Dictyocha elongata Gleser(1,3—6—view from above, 2 — from below, 7 — from side). 
Eastern slope of the Urals, Serov area (well 762, 27.0 m), Serov suite, Early Eocene. 8,10—13 —D, 
frenguellii var. carentis Gleser f. carentis(8,11—view from side, 10 — from above, 12, 13 — 
from below): 8,11, 12 — eastern slope of the Urals, Ivdel' area (well 130, 55.0—60.4 m), Irbit suite, Late 
Eocene; 10,13 —Malyi Atlym village (well 6-k, 320 m), Lyulimvor suite, Late Eocene. 9—D. frenguel- 
lii Defl. var. frenguellii, view from above. Malyi Atlym village (well 6-k, 320.0 m), Lyulimvor 
suite, Late Eocene. 14—16—D. frenguellii var. carentis f. incerta Gleser (14 — view from side, 
15— from above, 16—from below). Eastern slope of the Urals, Ivdel' area (well 130, 55.0—60.4 m), 

Irbit suite, Late Eocene. 17—20—D. rotundata Jousé var. rotundata (17, 18 — view from side, 

19— from below, 20—from above). Eastern slope of the Urals, Ivdel' area (well 130, 16.0 m), Chegan 
suite, Late Eocene —Early Oligocene (?). 
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PLATE XII 


1—6, 11, 12—Dictyocha rotundata var. secta Gleser(1,2,4 — view from below; 3, 5, 6 — from 
above; 11,12 — from side). Middle Ob area, Parabel‘ and Chuzik section (well 10-k, 155.5—162.7 m), 
Chegan suite, Late Eocene—Early Oligocene (?). 7—10—D. transitoria Defl. (7,9—view from below; 
8,10—from above). Eastern slope of the Urals, Ivdel' area (well 130, 38.7 m), Irbit suite, Late Eocene. 
13,16—D. deflandrei Freng. var. deflandrei (13 — view from below, 16 — from above); 13 —Middle 
Volga area, Ul'yanovsk Region, Sengilei, Granoe Ukho quarry, Kamyshin bed; 16 — eastern slope of the 
Urals, Alapaevsk area (well 31, 6.0m), Serov suite, Early Eocene. 14,15—D. d. var. completa 
Gleser f. completa (14—view from below, 15 —from above); 14 — eastern slope of the Urals, Ivdel" 
area (well 130, 31.8 m), Irbit suite, Late Eocene; 15— eastern slope of the Urals, Ivdel' area (well 130, 
16.0 m), Chegan suite, Late Eocene— Early Oligocene (?). 17—19—D. d. var. completa f. producta 
Gleser (17,18 — view from below, 19—from above). Eastern slope of the Urals, Ivdel' area (well 130, 

16.0 m), Chegan suite, Late Eocene—Early Oligocene (?). 20-23 — D. deflandrei var. bicornuta 
Gleser (20—22 —view from above, 23 — from below). Eastern slope of the Urals, Ivdel' area (well 130, 
16.0 m), Chegan suite, Late Eocene—Early Oligocene (?). 
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PLATE XIII 


1—5—Dictyocha obliqua Gleser(1—3, 5 —view from below, 4— from above). Eastern slope of the 
Urals, Ivdel' area (well 130, 16.0 m), Chegan suite, Late Eocene—Early Oligocene (?). 6—9—D. fibula 
Ehr. var. fibula f. fibula (view from below): 6—Middle Ob area, Parabel' and Chuzik section (well 7-k, 
177.25—185.85 m), Lyulimvor suite, Late Eocene; 7 — eastern slope of the Urals, Ivdel' area (well 130, 

31.8 m), Irbit suite, Late Eocene; 8, 9—Ivdel’ area (well 130, 16.0 m), Chegan suite, Late Eocene— 

Early Oligocene (?). 
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PLATE XIV 


1-9 —Dictyocha fibula Ehr. var. fibula f. fibula (1,2,4, 5,8 —view from above; 3, 6,7, a 
from below); 1,2—Sakhalin, Kongi and Tumi rivers, Diatom suite, Neogene; 3 — plankton of Pacific 
Ocean; 4 —Dnepropetrovsk (well 12, 32.0—35.7 m), Kharkov (?) suite; 5—Sakhalin, Shmidt peninsula, 
Kongi River and Lake Machigar, Diatom suite, Neogene; 6 —Leningrad Region, Mga River, Quaternary 
intermoraine deposits; 7 —South America, Peru, Neogene (?); 8 —New Zealand, Oamaru, Late Eocene 

or Early Oligocene; 9 — eastern slope of the Urals, Ivdel' area (well 130, 31.8 m), Irbit suite, Late Eocene. 


321 


PLATE XV 


1—3—Dictyocha fibula var. pentagona Schulz (1,2—view from above, 3— from below): 

1— Middle Ob area, Parabel' and Chuzik section (well 10-k, 155,5—162.7 m), Chegan suite, Late 
Eocene—Early Oligocene(?); 2,3 —northern Sakhalin, eastern coast of Shmidt peninsula, Diatom suite, 
Neogene. 4,5,7,9—D. fibula var. fibula f. rhombica Schulz (4,7, 9—view from below; 5 — 

from above): 4—Italy, Mondaino, Neogene(?); 5,7 —Middle Volga area, Sengilei, Granoe Ukho quarry, 
Kamyshin bed; 9— basin of Irgiz River, right bank of Uzen'-Kairakty, upper part of Tas-Aran suite, Late 
Eocene. 6—D. fibula var, fibula f. eocaenica Krotov (view from below). Eastern slope of the 
Urals, Ivdel' area (well 564, 4.3 m), Serov suite, Early Eocene. 8—D. fibula var. messanensis 
(Hack.) Lemm. (view from above). Pacific Ocean near the southern coast of Kamchatka, bottom sediments. 
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PLATE XVI 


1—Naviculopsis robusta Defl. (view from above). Eastern slope of the Urals, Serov area (well 762, 
27.0 m), Serov suite, Early Eocene. 2—5—N. biapiculata (Lemm.) Freng. var. biapic ulata 
(2,3,5—view from above, 4— from below): 2,5 —eastern slope of the Urals, Ivdel' area (well 130, 

31.8 m), Irbit suite, Late Eocene; 3 — Middle Ob area, Vasyugan section (well 3-k, 232.35—239.85 m), 
Lyulimvor suite, Late Eocene; 4—Denmark, Mors Island, Early Eocene. 6—8 —N. b. var. minor 
(Schulz) Gleser (6 — view from below, 7, 8 — from side): 6 —Middle Ob area, Ul'yanovsk Region, Sengilei, 
Granoe Ukho quarry, Kamyshin bed; 7, 8 — eastern slope of the Urals, Ivdel' area (well 130, 31.8 m), 

Irbit suite, Late Eocene. 
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PLATE XVII 


1—3,6—Naviculopsis biapiculata var. minor (Schulz) Gleser (view from above); 1, 6 — eastern 
slope of the Urals, Ivdel' area (well 130, 31.3 m), Irbit suite, Late Eocene; 2 — Dnepropetrovsk Region 
(well 4741, 58.0 m), Kharkov (?) suite; 3 — basin of Irgiz River, right bank of Uzen'-Kairakty, upper part 
of Tas-Aran suite, Late Eocene. 4—N. biapiculata var. constricta (Schulz) Gleser (view from 
above). Basin of Irgiz River, right bank of Uzen'-Kairakty, upper part of Tas-Aran suite, Late Eocene. 
5—N. foliacea Defl. (view from above). Lesser Antilles, Barbados Island, Late Eocene— Early Miocene. 
7—N. trispinosa (Schulz) Gleser (view from side). Oamaru, New Zealand, Late Eocene or Early 
Oligocene (Gemeinhardt, 1930), 8—11—Distephanus antiquus Gleser (8 —view from side, 


9— from below, 10,11 — from above). Southern part of Taz peninsula, right bank of En-Yakha River; 
Early Oligocene (?). 
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PLATE XVIII 


1—11—Distephanus crux (Ehr.) Hack. var. crux. (1,10—view from below; 2,3, 5, 6, 8, 9, 11 — 
from above; 4, 7— from side); 1,5—8 — Kamchatka, Napana River, Kakertok suite, Neogene; 2,4 — 
Sakhalin, Kongi and Tumi rivers, Neogene; 3, 9— Sakhalin, Shmidt peninsula, Machigar section, lower 
part of Diatom suite, Neogene; 11 —Mangyshlak peninsula, Karagie suite, Late Oligocene. 
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PLATE XIX 


1—6 — Distephanus crux (Ehr.) Hack. var. crux (1,2,3,5—view from above; 4, 6 — from side); 

1,4 —Japan, Onnagawa formation, Middle Miocene; 2, 3—basin of Irgiz River, Uzen'-Kairakty, upper 

part of Tas-Aran suite, Late Eocene; 5, 6 — western part of Northern Caucasus, Shibik River, Early Miocene. 
7—9-—D. speculum (Ehr.) Hack. var. speculum (7—double skeleton, side view; 8— view from 
above, 9—from below); 7 —Kiel Bay, plankton (Gemeinhardt, 1930); 8—New Zealand, Oamaru, Eocene 
or Early Oligocene; 9 — Western Siberia, Middle Ob area, basin of Vasyugan River (well 3-k, 193,.9— 
201.9 m), Chegan suite, Late Eocene—Early Oligocene (?). 10—D. stauracanthus (Ehr.) Hack. 

North America, Santa Monica, Middle— Late Miocene (Schulz, 1928). 
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PLATE XX 


1-11 —Distephanus speculum (Ehr.) Hack. var. speculum (1,2,4, 6, 8-10 — view from above; 
3,7,11—from below; 5—side view from above): 1—3, 6,7 —Sakhalin, eastern coast of Shmidt peninsula, 
Neogene; 4—southern Sakhalin, Lyutoga River, Maruyama suite, Neogene; 5 — Sakhalin, northern coast 
of Shmidt peninsula, Machigar section, Diatom suite, Neogene; 8 —northern Sakhalin, basin of Kongi 

and Tumi rivers, Neogene; 9 — Leningrad Region, Otradnoe station (well 700, 13.0—13.5 m), Mga Quater- 
nary clays; 10-11 —Mangyshlak peninsula, Karagie suite, Late Oligocene. 
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PLATE XXI 


1—5 —Distephanus speculum var. pentagonus Lemm. (1,2,4,5—view from above, 3 — from 
below): 1—basin of Irgiz River, Uzen'-Kairakty, upper part of Tas- Aran suite, Late Eocene; 2— Western 
Siberia, Taz peninsula, right bank of En-Yakha River, Early Oligocene (?); 3—5 — northern Sakhalin, 

northern coast of Shmidt peninsula, Machigar section, Diatom suite, Neogene. 6—D. speculum var. 
septenarius (Ehr.) Jorg. (view from above). Kamchatka, Ust'-Kamchatsk area, Neogene. 7—8 — D. octo- 
narius var. polyactis (Jorg.) Gleser (7 —view from above, slightly to the side; 8 — from below). 
Kamchatka, Ust'-Kamchatsk area, Neogene. 9—D. speculum var. regularis Lemm (view from above). 
Plankton (Gemeinhardt, 1930). 
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PLATE XXII 


1-—5—Distephanus speculum var. cannopiloides (Pr.-Lavr.) Gleser (1,2 — view from below; 
3,5 —from above; 4 — from above and slightly to the side); 1 —basin of Irgiz River, right bank of Uzen'- 
Kairakty, upper part of Tas- Aran suite, Late Eocene; 2—5 — northern Sakhalin, northern coast of Shmidt 
peninsula, Machigar section, upper part of Diatom suite. 
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PLATE XXIV 


1—5—Distephanus speculum var. cannopiloides (Pr.-Lavr.) Gleser (1, 3,4 — view from below; 
2,5—from above). Sakhalin, northern coast of Shmidt peninsula, Machigar section, lower part of Diatom 
suite. 6—Nothyocha insolita Defl. Greece, Tortonian (Deflandre, 1952). 7—11 — Paradictyocha 
polyactis Freng. f. polyactis (7—view from above; 9—from below; 8, 10,11 —structural details, 

side view): 7—northern Sakhalin, basin of Kongi and Tumi rivers, Neogene; 8—11 —northern Sakhalin, 
northern coast of Shmidt peninsula, Machigar section, middle part of Diatom suite, Neogene. 
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PLATE XXV 


1, 3-8,10 —Distephanus japonicus f. pseudofibula (Schulz) Gleser (1, 3, 5, 6, 7 —view from 
above; 4, 8, 10—from below). Southern Sakhalin, Pervomaiskoe area, Maruyama suite, Neogene. 
2,9—D. japonicus (Defl.) Gleser f. japonicus (view from above). Northern Sakhalin, Troptun 

and Longi rivers, Neogene. 11—D. octonarius var. cyrtoides (Hack.) Gleser (view from above). 
Pacific Ocean near southern coast of Kamchatka, plankton. 
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PLATE XXVI 
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PLATE XXVII 


1—4 —Cannopilus hemisphaericus (Ehr.) Hack. (1, 3—view from above, 2— from side, 4— from 
below): 1—3 — eastern slope of the Urals, Ivdel' area (well 130, 55.0—60.4 m), Irbit suite, Late Eocene; 
4 —northern Sakhalin, northern coast of Shmidt peninsula, Machigar section, lower part of Diatom suite. 
5—C. sphaericus Gem. (view from side). Hungary, Miocene (Frenguelli, 1940). 
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PLATE XXVIII 


1—Paradictyocha polyactis f. mesocenoidea (Defl.) Freng. Northern Sakhalin, basin of Kongi 
and Tumi rivers, Neogene; 2 — Mesocena stellata Hack. Northern Sakhalin, basin of Kongi and Tumi 
rivers, Neogene; 3—M. oamaruensis Schulz. Dnepropetrovsk Region (well 4741, 58.0 m), Kharkov (?) 
suite, Early Oligocene (?); 4—M. muticata Gleser. Dnepropetrovsk, left bank of the Dnieper (well 12, 
35.7—39.0 m), Kharkov (2) suite, Early Oligocene (?); 5—M. aff. apicu lata (Schulz) Defl. Eastern slope 
of the Urals, Makhnevo area (well 1482, 43.3 m), lower part of Talitsa suite, Early Paleocene. 
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PLATE XXIx 


1—7—Mesocena elliptica Ehr. emend. Defl. Southern part of Taz peninsula, right bank of En- 
Yakha River, Early Oligocene (?); 8—M. circulus Ehr. Eastern slope of the Urals, Ivdel‘ area (well130, 
16.0 m), Chegan suite, Late Eocene—Early Oligocene (?); 9—M. aff. apiculata (Schulz) Defl. Basin 
of Irgiz River, Uzen'-Kairakty, upper part of Tas-Aran suite, Late Eocene. 
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PLATE XXX 


1-5 — Mesocena elliptica Ehr, emend Defl. Mangyshlak peninsula, Karagan suite, Late Oligocene. 
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PLATE XXxI 


1—Vallacerta hortonii Hanna. Eastern slope of the Urals, Pristan’ village on Loz'va River (well 268, 
83.8—88.0 m), Slavgorod suite, Santonian-Campanian. 2,3—Dictyocha triacantha Ehr. var. 
triacantha f. triacantha (view from side). Eastern slope of the Urals, Ivdel' area (well 564, 172.7 m), 
lower part of Talitsa suite, Early Paleocene. 4—6 —D. t. var. apiculata f. minor Schulz (view from 
above); 4, 5 — eastern slope of the Urals, Makhnevo area (well 1482, 43.3 m), lower part of Talitsa suite, 
Early Paleocene; 6 —southern part of Taz peninsula, Arka-Tab-Yakha River, Late Eocene. 7—D. t. var. 
inermis f. minor Gleser (view from below). Eastern slope of the Urals, Ivdel' area (well 564, 172.7 m), 
lower part of Talitsa suite, Early Paleocene. 8,9—D. t. var. hastata Lemm. (view from below). 

Eastern slope of the Urals, Ivdel' area (well 564, 172.7 m), lower part of Talitsa suite, Early Paleocene. 
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PLATE XXXII 


1—Dictyocha triacantha var. inermis Lemm, f. inermis (view from above). Eastern slope of 
the Urals, Makhnevo area (well 1482, 34.8 m), lower part of Talitsa suite, Early Paleocene; 2—D. lamel- 
lifera var. constricta Gleser (view from above). Eastern slope of the Urals, Ivdel' area (well 564, 

18.0 m), Serov suite, Early Eocene; 3—D. lamellifera Gleser var. lamellifera (view from above). 
Eastern slope of the Urals, Ivdel' area (well 564, 75.5 m), Serov suite, Early Eocene; 4—D. deflandrei 
Freng. var. deflandrei (view from above). Middle Volga area, Ul'yanovsk Region, Sengilei, Granoe 
Ukho quarry, Kamyshin bed; 5—D. fibula var. fibula f, eocaenica Krotrv (view from below). 

Eastern slope of the Urals, Ivdel' area (well 564, 51.0 m), Serov suite, Early Eocene; 6—D. furcata 

Jousé (view from below). Eastern slope of the Urals, Makhnevo area (well 547, 33.0 m), lower part of 
Talitsa suite, Early Paleocene. 
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PLATE XXXIII 


1,2—Dictyocha frenguellivar. carentis Gleser f. carentis (1—view from below, 2— from 
side). Eastern slope of the Urals, Ivdel' area (well 130, 128.7 m), Irbit suite, Middle (?) Eocene; 3—6 — 
Naviculopsis robusta Delf. (3,5,6—view from above, 4— from side). Eastern slope of the Urals, 
Ivdel' area (well 564, 4.3 m), Serov suite, Early Eocene; 7—Mesocena aff. apiculata (Schulz) Defl. 
Eastern slope of the Urals, Makhnevo area (well 1482, 43.3 m), lower part of Talitsa suite, Early Paleocene. 
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Alphabetical Index of Latin Names* 


aculeata Ehr. (Dictyocha) 264 

aculeifera Defl. (Cornua) 222, Plate 

antiquus Gleser (Distephanus) 
Plate XVII, 8—1 

apiculata (Lemm.) Hanna (Corbisema) 

— f. dictyoquidea Freng. 249 

— f. naviculoidea Freng. 234 

— var. inermis Defl. 230, 234, 235 

apiculata (Schulz) Defl. (Mesocena) 282, 
283 


WM bd | 
260, 


aff. apiculata (Schulz) Defl. (Mesocena) 
282, 283, Plate XXVIII, 5; XXIX, 9; 
XXXIII, 7 

apiculata Freng. (Paradictyocha) 279 

archangelskiana (Schulz) Freng. (Corbi- 
sema) 232 

archangelskiana (Schulz) Gleser (Dictyo- 
cha) 225, 232, 233, 253, 285, Plate VIII, 
6,7 

asteroides Hack. (Distephanus) 267 


ausonia Defl. (Dictyocha) 226, 252, 
Plate IX, 1 
biapiculata (Lemm.) Defl. (Dictyocha) 


253, 204, 250 

— f. eocaenica Krotov 254 

biapiculata Lemm. (Dictyocha ?) 255, 
256, 257, 258 

biapiculata (Lemm.) Freng. (Naviculop- 
sis) 235, 254, 259, 257; 258, 259 

— f. triacantha Freng. 235 

var. biapiculata 255, ra6a. XVI, 2—5 

var. constricta (Schulz) Gleser, 257, 


Plate XVII, 4 
— var. minor (Schulz) Gleser 256, 
Plate. XVI, 6—8; XVII, 1—8, 6 


bimucronata Defl. (Corbisema) 233, 253 

bimucronata (Defl.) Tsumura (Dictyocha) 
225, 233; “Plate Eke 

binoculus (Ehr.) Lemm. (Cannopilus) 270, 
271 

— var. diommata (Ehr.) Lemm. 270 

binoculus Ehr. (Dictyocha) 269 

binonaria Ehr. (Mesocena) 283 

bipartitus Lemm. (Cannopilus) 279 

bisoctonaria Ehr. (Mesocena) 283 


calyptra Hack. (Cannopilus) 269 
— var. heptacanthus (Ehr.) Lemm. 270 
— var. spinosa Lemm. 270, 280 


* Names in italics are synonyms. Bold figures refer to pages [Russian, appearing in the left-hand margin 


Ba aa Hack. 224, 225, 271, 279, 280, 
1 


2 

Chrysophyta 218 

circulus Ehr. (Mesocena) 
Plate XXIX, 8 

— var. apiculata Lemm. 278 

— var. stellata (Hack) Lemm. 286 

constricta (Schulz) Freng. (Naviculopsis) 
257, 258 

Corbisema Hanna 223, 225, 232, 233, 250, 
252, 253 

Cornua Schulz 220, 222 

Cornuaceae Gem. 220 

crenulata Ehr. (Mesocena) 285, 286 

— var. diodon (Ehr.) Lemm. 284 

— var. elliptica (Ehr.) Lemm. 284 

cruz Ehr. (Dictyocha) 261 

crux (Ehr.) Hack. (Distephanus) 260, 
261, 263, 279 

— f. aspera Schulz 261 

— f. brevispina Schulz 261 

— f. longispina Schulz 261 


282, 285, 


var. apiculatus Lemm. 261 
var. crux 261, Plates XVIII, 1—11; 
XIX, 1—6 

var. mesophthalmus (Ehr.) Lemm. 263, 
279 

var. octacanthus Desikachary a. Mache- 
shwari 263 

— var. schauinslandii (Lemm.) Schulz 263 
— var. stauracanthus (Ehr.) Lemm. 263, 


279 
cyrtoides Hack. (Cannopilus) 274, 275, 


’ 


— f. nonaria Schulz 274 


deflandrei Freng. (Dictyocha) 226, 228, 
239, 244, 246 

— f. corbisemoidea Freng. 228 

— f. heragona Freng. 239 

— var. bicornuta  Gleser 
Plate XII, 20—23 

— var. completa Gleser 244, 246 

— — f. completa 244, ra6m. XII, 14, 15 


226, 246, 


— —f. producta Gleser 245, 246, 
taOm. XII, 17—19 
— var. deflandrei 244, Plates XII, 13, 


16; XXXII, 4 
Dictyocha Ehr. 223, 224, 225, 230, 233, 
235, 252, 253, 254, 260, 271, 274, 280 
Dictyochaceae Lemm. 220, 223, 253 


of this translation] where main descriptions are given. 
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Dictyochida 259 

diodon Ehr. (Mesocena) 284 

diommata Ehr. (Dictyocha) 269 

Distephanus Stohr 224, 225, 259, 
Dhayecld; 2d, 202 


260, 


elata Gleser (Dictyocha) 225, 237 

— Var. elata 237,244, Plate X, J,.4 

— var. media Gleser 238, 239 

— — f. media 238, Plate X, 2, 3, 5 

— — f. reducta 238, Plate X, 9 

elliptica Ehr. (Mesocena) 282, 283, 285, 
Plates XXIX, 1—7; XXX, 1—5 

elongata Gleser (Dictyocha) 225, 236, 
Plate XI, 1—7 

epiodon Ehr. (Dictyocha) 247 


fibula Ehr. (Dictyocha) 224, 226, 240, 
241, 246, 247, 249, 250 

forma Defl. 240, 244 

f. aspera (Lemm.) Gem. 247 

f. rhombica Schulz 245, 249 

f. rotundata Schulz 241, 242, 246 

f. speculum Freng. 261 

var. aculeata Lemm. 250, Plate XV, 10 
var. aspera Lemm. 247 

var. brevispina Lemm. 247 

var. fibula 245, 247 

— f. eocaenica Krotov 249, 250, 
TAOS, DU s: On ROO, ga) 

— —f. fibula 247, Plates XIII, 6—9; 
XIV, 7—9 

var. longispina Lemm. 247 

var. messanensis (Hack.) Lemm. 251, 


es la a = | 


Plate XV, 8 
— var. pentagona Schulz 250, 
Plate XV, 1—3 


— var. rhombus (Hack.) Lemm. 252 

aff. fibula 

— var. rhombus 201, 
Plate IX, 3 

foliacea Freng. (Naviculopsis), 254, 257, 
200. Plate” XVII oe 

frenguellii Defl. (Dictyocha) 226, 240, 
241, 242, 260 

— Lng carentis Gleser 237, 240, 241, 243, 
2 

— — f. carentis 240, Plates XI, 8, 10— 
13? KX Te 


(Hack.) Lemm. 


— — f. incerta Gleser 241, 242, 243, 
Plate XI, 14—16 

— var. frenguellii 240, 241, Plate XI, 9 

furcata Jousé (Dictyocha) 225, 233, 
Plate XXXII, 6 

furcula) Hanna (Lyramula) 220, 221, 
Plate II, 8, 5—7 


— var. minor Defl. 224 


geometrica Hanna (Corbisema) 230, 232, 
252, 253, Plate IX, 7 
— var. apiculata Jousé 229 


haliomma Ehr. (Dictyocha) 269 

hastata (Lemm.) Freng. (Corbisema) 227, 
231 

hastata Lemm. (Dictyocha) 232 

hemisphaerica Ehr. (Dictyocha) 280, 284 

hemisphaericus (Ehr.) Hack. (Cannopi- 


lus) 280, 281, 
XXVII, 1—4 
— f. polyommata Schulz 280 
heptacanthus Ehr. (Dictyocha) 269 
heptagona Ehr. (Mesocena) 283 
hexacantha (Schulz) Defl. (Corbisema) 239 
hexacantha Schulz (Dictyocha) 226, 239, 
Plate we. Pe, 
hortonii Hanna (Vallacerta) 218, 219, 220, 
Platee ls hs XN KL, 


Plates XXVI, 1—5; 


iberica Defl. (Naviculopsis) 254 
insolita Defl. (Nothyocha), Plate XXIV, 6 
irregularis Hanna (Distephanus) 264 


japonica Defl. (Dictyocha) 275, 276 
japonicus (Defl.) Gleser (Distephanus) 
, 275 


— f. japonicus 276, Plate XXV, 2, 9 
— f. pseudofibula (Schulz) Gleser 276, 
Plate XXV, 1, 3—8, 10 


lamellifera Gleser (Dictyocha) 225, 235, 
237 

— var. constricta Gleser 236, 
15—17; XXXII, 2 

— var. hastata Gleser 236, 

— var. lamellifera 235, Plates 
14 XO aS 

Lyramula Hanna 220, 221 


Plates X, 


Plate X, 10 
xX, Mi, 13s 


Mesocena Ehr. 224, 282, 285 

messanensis Hack. (Dictyocha) 251 

minor Defl. (Lyramula) 221 

minor (Schulz) Freng. (Naviculopsis) 256 

muticata Gleser (Mesocena) 282, 285, 
Plate XXVIII, 4 


navicula Ehr. (Dictyocha) 225, 233, 234, 
235, 258; 201, 200,..Pinte 1X4, co 

— var. biapiculata Lemm. 253, 255, 256, 
257 

— — f. aspera Schulz 255 

— — f. constricta Schulz 257 

— — f. minor (Schulz) Gem. 256 

— var. minor Schulz 256, 258 

— var. trispinosa Schulz 256 

navicula Defl. (Naviculopsis) 234, 254 

Naviculopsis Freng. 223, 225, 234, 235, 
237, 2593, 254, ‘250, 259 

nonaria Ehr. (Mesocena) 284 


oamaruensis Schulz (Mesocena) 282, 285 


Plate XXVIII, 3 
— var. apiculata Schulz (Mesocena) 283 
obliqua Gleser (Dictyocha) 226, 246, 
Plate XIII, 1—5 


octogona Ehr. (Mesocena) 283 

octogonius Hack. (Distephanus) 272 

octonaria Ehr. (Dictyocha) 272, 273, 274 

octonarius (Ehr.) Defl. (Distephanus) 260, 
QT DIZ, Zid, Bits: al dpacou 

— var. cyrtoides (Hack.) Gleser 274, 275, 
Plate XXV, 11 

— var. octonarius 272 

— var. polyactis (Jérg). Gleser 273, 274, 
Plate’ “Ay if, o 

ornamentum Ehr. (Dictyocha) 264, 268 

ornamentum Hack. (Distephanus) 264 
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Paradictyocha Freng. 224, 274, 276, 278, 
279, 

pentagona Hack. (Mesocena) 284 

polyactis Ehr. ren eel ge Ohi; 2s 

— f. mesocenoidea Def). 

polyactis (Ehr.) Defl. biiasteptidadiny i 
278 


— f. mesocenoidea Defl. 278 
polyactis (Ehr.) Freng. (Paradictyocha) 
276 


— f. completa Freng. 277 


— f. mesocenoidea Freng. 277, 278, 
Plate XXVIII, 7 

— f. polyactis 274, 277, Plate XXIV, 
7—I11 


— f. reducida Freng. 279 

polymorpha Lemm. (Mesocena) 285 

var. binonaria (Ehr.) Lemm. 282 

var. bioctonaria (Ehr.) Lemm. 282 

var. heragona (Hack.) Lemm. 284 

— f. octonaria Schulz 284 

— f. septenaria Schulz 284 

var. pentagona (Hick.) Lemm. 284 

var. quadrangula (Ehr.) Lemm. 284 

var. triangula (Ehr.) Lemm. 283, 284 

ponticulus Ehr. (Dictyocha) 234 

poretzkajae ipgtine (Cornua) 222, 
Plate III, 

pulchra Schiller reece 272 


Teele te iets thet 


quadralta (Hanna) Defl. (Corbisema) 253 
quadrangula Ehr. (Mesocena) 284 


robusta Defl. (Naviculopsis) 254, 
Plates XVI, 1; XXXII, 3—6 

rotundata Jousé (Dictyocha) 220.4 2305 
242, 243, 260 

— var. rotundata 243, Plate XI, 17—20 


— var. secta Gleser 243, Plate XII, 1—6, 
UA AR 

rotundus Stohr (Distephanus) 264 

ruestii Defl. (Corbisema) 253 


schauinslandii 
cha) 247 

schulzii Defl. (Phyllodictyocha) Plate IX, 6 

septenaria Ehr. (Dictyocha) 268 

siderea Schulz (Dictyocha) 219 

— var. quadrata Schulz 219 

Silicoflagellatae Borgert 218 

Silicoflagellatophyceae 218 


(Lemm.) Freng. (Dictyo- 


simplex Hanna (Lyramula) 221, Plate II, 
we ged 
simplex Jousé (Vallacerta) 218, 249, 


Plate I, 2 

Siphonotestales Lemm. 218, 220 

speculum Ehr. (Dictyocha) 259, 264, 267, 
268, 270, 274 

— f, cannopiloides Pr.—Lavr. 269, 274 

— f. octonarius Jorg. 272 

— f. polyactis (Ehr.) Jérg. 273 

— f. pseudofibula Freng. 247 

— f. septenarius (Ehr.) Jorg. 268 

— formae 1—6 Tynan 270 

— var. septenaria Ehr.after Tynan 270 

speculum (Ehr.) Hack. (Distephanus) 
260, 263, 266, 268, 270, 271, 273, 274, 
275, 276, 281, 282, Plates xis: y ae Ge 
XX, ca 

— f. eis Schulz 264 


— f. pseudocrux Schulz 275, 276 

— 7 pseudofibula Schulz 275, 276 
var. aculeatus (Ehr.) Lemm. 264 

— var. brevispinus Lemm. 264, 266 

— var. cannopiloides 269, 

Plates XXII, 1—5; XXIII, 1—6; 

XXIV, 1—5 

var. heratyra (Ehr.) Lemm. 264 

es octonarius (Ehr.) Jorg. 272, 273, 

27 

— f. coronata Schulz 272 

— f. octogenia (Haick.) Lemm. 272 

— f. polyactis Jérg. 273, 274 

var. pentagonus Lemm. 

Plate XXI, 1—5 

— f. armata Lemm. 267 

var. polyactis Lemm. 273, 277 

— f. decagona Zanon 277 

. dodecagona Zanon 277 

. endecagona Zanon 277 

regularis Lemm. 

DW liad 

— f. coronata Schulz 266 

var. septenarius (Ehr.) Joérg. 268, 

Plate XXI, 

— var. speculum Phy 265, 271, Plates XIX, 
7—9; XX, 
sphaericus cha 
Plae XXVII 

spinosa Defl. fcoraetias 238, 253 

spinosa (Defl.) Gleser (Dictyocha) 225, 
238, 240, Plate X, 6—8 

stauracanthus Ehr. (Dictyocha) 263 

stauracanthus (Ehr.) ar (Distephanus) 
260, 263, Plate XIX, 

staurodon Ehr. (Dietyccha) 245 

staurodon Ehr. (Dictyocha) 244 

stellata Hack are 282, 286, 
Plate XXVIII, 


271, 


1 | 


[fee 


267, 


eae ae 9 tal 
| 
hr 


266, 267, 


(Cannopitus 280, 281, 


transitoria Defl. (Dictyocha) 225, 242, 
246, 260, Plate XII, 7—10 

triacantha Hanna (Corbisema), 226, 253 

— f. dictyoquidea Freng. 249 

— var. fleruosa Stradner 228 

triacantha Ehr. (Dictyocha) 225, 226, 

220, 200s BON; 250. Daag ele 

var. apiculata Lemm. 228, 229, 232 

— f. apiculata 228, 230, Plate VI, 5 

— f. aspera Schulz 228 

— f. late-radiata 229, Plate VI, JZ 

— f. minor Schulz 229, Plates VI, 

2—4,; XXXI, 4—6 

— var. archangelskiana Schulz 232 

— var. eocaenica Krotov 236 


— var. flexuosa (Stradner) Gleser 228, 
TAOH. “V,, 5,16, 05,00 
— var. hastata Lemm. 231, 232, 236, 


Plates VI, 6—8; VII, 1—8; XXXI, 8—9 

var. hastata Lemm. 284 

var. inermis Lemm. 230, 232, 235 

— f. inermis 230, 234, Plates VIII, 1, 2; 

». ©, OG |) et | 

— — f. minor Gleser 230, VIII, 
38—5; XXXI, 7 

— var. triacantha 225, 226, 232 

— — f. minor Schulz 227, Plate V, 7, 9 

— — f. triacantha 226, 229, Plates IV, 
1—6; V, 1—4; XXXI, 2, 3 

triangula Ehr. (Mesocena) 283 


| 


Plates 
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triangularis Stohr (Lithocircus) 284 tumidula Gleser (Vallacerta) 218, 220, 


trifurcata Schulz (Cornua) 222, 223, taOa. I, 3—6 
Plate III, 3—5 
trigona (Zittel) Defl. (Corbisema) 227 Vallacerta Hanna 218 
trigona Zittel (Dictyocha) 226 Vallacertaceae Defl. 218 
triommata Ebr. (Dictyocha) 226, 269 Vallacertales Gleser 218 
triommata (Ehr.) Lemm. (Cannopilus) 270 Vallacertidae Defl. 218 
tripartita Ehr. (Ebria) 231 variabilis Hanna (Distephanus) 250, 267, 
trispinosa (Schulz) Gleser (Naviculopsis) 270, 274 


254, 258, Plate XVII, 7 
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EXPLANATORY LIST OF ABBREVIATED NAMES OF 
USSR INSTITUTIONS, PERIODICALS, ETC. 


Abbreviation 


BIN AN SSSR 


Bot. mater. Otd. 
spor. rast. BIN 
AN SSSR 


Byull. Komiss. 
po izuch. 
chetvert. 
perioda 


Ezhegodn. geol. 
i mineral. 
Rossii 


Inform. sb. 
VSEGEI 


LGU 


Mater. po geol. 


i polezn. iskop. 


reals: 
MGU 


Novosti sist. 
nizsh. rast. 


SNIIGGIMS 


SO AN SSSR 


TINRO 


Full name (transliterated) 


Botanicheskii institut 
Akademii Nauk SSSR 


Botanicheskie materialy 
Otdela sporovykh 
rastenii botanicheskogo 
instituta AN SSSR 


Byulleten' Komissii po 
Izucheniyu chetvertich- 
nogo perioda 


Ezhegodnik po geologii 
i mineralogii Rossii 


Informatsionnyi sbor- 
nik Vsesoyuznogo 
geologicheskogo 
instituta 


Leningradskii 
gosudarstvennyi 
universitet 


Materialy po geologii 
i poleznym isko- 
paemym Urala 


Moskovskii gosudarst- 
vennyi universitet 


Novosti sistematiki 
nizshikh rastenii 


Sibirskii nauchno- 
issledovatel'skii 
institut geologii, geo- 
fiziki i mineral'nogo 
syr'ya 

Sibirskoe otdelenie 
Akademii Nauk SSSR 


Tikhookeanskii nauchno- 
issledovatel'skii institut 
rybnogo khozyaistva i 
okeanografii 
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Translation 


Botanical Institute of the 
Academy of Sciences of 
the USSR 


Botanical Materials of the 
Department of Cryptogenic 
Plants of the Botanical 
Institute of the Academy 
of Sciences of the USSR 


Bulletin of the Commission 
for Studying the Quaternary 


Yearbook on Geology and 
Mineralogy of Russia 


Informational Collection of 
the All-Union Geological 
Scientific Research 
Institute 


Leningrad State University 


Materials on the Geology 
and Mineral Resources 
of the Urals 


Moscow State University 


Advances in the Systematics 
of Lower Plants 


Siberian Scientific Research 
Institute for Geology, 
Geophysics and Mineral 
Ores 


Siberian Branch of the 
Academy of Sciences of 
the USSR 


Pacific Scientific Research 
Institute of Marine Fisheries 
and Oceanography 


Abbreviation 


Trudy VNIGRI 


Mech. zap. LGU, 


ser. biol. nauk. 


Vestn. LGU 


VSEGEI 


Zap. Novoross. 
obshch. 
estestvoispyt. 


Full name (transliterated) 


Trudy Vsesoyuznogo 
neftyanogo nauchno- 
issledovatel'skogo 
geologo-razvedochnogo 
instituta 


Uchenye zapiski 
Leningradskogo gosu- 
darstvennogo univer- 
siteta (seriya biolo- 
gicheskikh nauk) 


Vestnik Leningradskogo 
gosudarstvennogo 
universiteta 


Vsesoyuznyi nauchno- 
issledovatel'skii 
geologicheskii 
institut 


Zapiski Novorossiiskogo 
obshchestva estestvo- 
ispytatelei 
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Transactions of the All- 
Union Petroleum Scientific 
Research Institute for 
Geological Prospecting 


Scientific Reports of the 
Leningrad State University 
(Series of Biological 
Sciences) 


Bulletin of the Leningrad 
State University 


All-Union Geological 
Scientific Research 
Institute 


Reports of the Novorossiisk 
Society of Naturalists 
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